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 SUMMARY 
 
The fibre properties of cotton, which vary widely according to genetic and environmental 
conditions, determine its price and textile processing performance and product quality. It is 
therefore hardly surprising that cotton fibre properties are routinely measured for trading and 
quality control purposes, with a great deal of research having been, and still being, devoted 
towards developing instruments which enable the various fibre properties to be measured 
rapidly and accurately. In many cases, it is also necessary to be able to measure properties of 
cotton fibres when they have already been converted into yarn and fabric form. To do so, the 
yarn has to be dismantled into its component fibres, preferably without significantly changing 
the fibre properties. This could only be done by manually untwisting the yarn and carefully 
extracting the fibres from the untwisted yarn, care being taken not to break or lose any fibres 
in the process. This is a time consuming, laborious and labour intensive process. In view of 
this, a „yarn dismantler‟ which could automatically, cost effectively and within acceptable 
time frames, dismantle a cotton yarn into its constituent fibres, without undue damage or 
changes to the fibres, was developed and patented. This thesis reports the results of research 
undertaken to further develop, evaluate and optimize the yarn dismantler into the final 
prototype, as well as those relating to its practical applications, including tracking changes in 
fibre properties during miniature and pilot scale processing, up to, and including the yarn 
stage.  
 
Initial research undertaken on the original bench and first prototype models indicated that, 
although they produced very promising results, certain improvements and modifications were 
necessary, if the dismantler was to perform in an efficient and operator friendly manner at the 
required speeds. These included changes in the axial position of the untwisting spindle and the 
perforated screen of the suction drum, increasing the air suction at the perforated drum, 
installing a new motor for the untwisting spindle drive, separating the drives to the different 
parts of the unit in order to control them independently, integrating a more effective steaming 
unit into the unit etc. It was found that the dismantling rate had to be set to equal about 95% 
of the original twist in the yarn, and that steaming of the dismantled (untwisted) yarn on the 
ix 
 
perforated drum was necessary in order to eliminate any twist liveliness (residual torque) in 
the dismantled yarn, and enable it to be handled and tested on the AFIS instrument. 
 
When the final prototype Yarn Dismantler was produced, incorporating all the above 
mentioned improvements, it functioned very well at dismantling speeds of at least 2m/min, 
enabling the length of yarn required for subsequent AFIS testing to be dismantled within an 
acceptable time of less than 10 minutes, with excellent reproducibility and repeatability of 
results, also under commercial conditions. 
It was found that the AFIS measured length characteristics of fibres from the instrument 
dismantled yarns compared very well with those of fibres from manually dismantled yarns, 
differences in fibre length generally being less than 1mm, and it was concluded from these 
and other evaluation tests, that the yarn dismantler produced fibres without any significant 
fibre breakage. 
 
Some limited tests, carried out on commercially produced carded and combed yarns, indicated 
that short fibre content and dust and trash levels, as measured by the AFIS on fibres from 
dismantled yarn, together with the corresponding Uster Statistics, could enable a carded 
cotton yarn to be distinguished from a combed cotton yarn. 
 
Statistical analysis of fibre test results obtained at the different stages during miniature and 
pilot plant scale processing of various cottons, clearly showed that very significant changes in 
fibre properties could be caused by certain of the processes. For example, significant fibre 
breakage occurred during the drafting on the spinning frame, prior to twist insertion. The 
thesis provides detailed results of changes in various fibre properties, including length, short 
fibre content, maturity, immature fibre content, seed coat neps and fibrous neps, which 
occurred from the lint to the final yarn, as well as on the relationship between the properties 
of the fibres from the dismantled yarn and those from the lint. 
x 
 
The results obtained have clearly demonstrated the practical value of the yarn dismantler in 
enabling yarns to be automatically dismantled into their constituent fibres, which can then be 
tested by an instrument, such as the AFIS, and the test results related to those of the original 
lint fibres, thereby opening up many fields of research and practical applications, some of 
which are captured under „Recommended Further Work‟. 
 
KEYWORDS 
Yarn Dismantler, cotton, fibre length measurement,  
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CHAPTER 1: 
 
 MOTIVATION AND SCOPE OF STUDY 
 
1.1 INTRODUCTION 
 
Measurement and control procedures are the backbone of an industry, particularly the cotton 
industry, with its extremely long processing pipeline, from agricultural production of fibre to 
the end product. A multitude of factors play a role in the successful manufacture of a quality 
end product, including growing conditions, processing variables, testing and quality control. 
Of the most important aspects to consider in this regard, are the properties/ characteristics of 
individual fibres which represent the building blocks of textile structures, such as yarn and 
fabric. The physical and chemical properties of fibres determine their behaviour and 
performance during processing into yarn and fabric, their end-use as well as their end-use 
behaviour and performance i.e. their textile quality in general. It is, therefore, hardly 
surprising that such quality related fibre properties are widely tested, researched and 
improved, and that considerable time and effort have been devoted towards developing 
appropriate testing instruments, techniques and methods for the accurate, routine and cost 
effective measurement of these properties. This is particularly important in the case of natural 
fibres which cannot be engineered in the mill to the precise characteristics required, but which 
vary according to genetic and environmental factors related to their production. Physical 
properties of particular interest in the case of staple fibres, include length, fineness and cross-
sectional shape (micronaire and maturity in the case of cotton), strength, elongation, etc. Such 
tests and analysis are normally conducted on staple fibres, prior to them being processed into 
sliver, yarn or fabric. The tests, by and large, are conducted on either single (individual) fibres 
(e.g. AFIS) or on fibre bundles, staples or beards (e.g. HVI, airflow). 
 
A very limited number of studies have been carried out over the years to track cotton fibre 
properties during processing up to yarn and fabric, the reasons for such studies including how 
the processing conditions change the cotton fibre properties, and can be optimised to 
minimise any adverse effect on the cotton fibre properties, and consequently also on 
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processing performance, product quality and cost. For this and a number of other reasons, it is 
required to analyse or test staple fibres, even after they have been converted into a yarn, fabric 
or end-product. There are various reasons for wanting to test and measure the physical 
dimensions and properties of staple fibres when they have been converted into yarn and 
fabric, including to reproduce (replicate) the yarn or fabric, to verify that the fibre properties 
meet specification, to settle disputes or claims, etc. Since in most cases it is only possible to 
conduct such tests on the fibres when in a dismantled condition, „reverse engineering‟ must be 
applied to dismantle the fabric into yarn and the yarn into individual fibres, the latter by an 
untwisting process, it being important not to change or damage the fibre properties in the 
process. Currently, this „reverse engineering‟ (yarn dismantling) can only be done manually, 
which is a very tedious, labour intensive and costly process. For example, for a single fibre 
length and maturity analysis on an AFIS (USTER) instrument, approximately 0.5 grams of 
fibre are required, which means that some 20 metres of a 25 tex yarn would need to be 
untwisted. This could take a few hours when performed manually with the necessary care, 
with the help of a twist tester. Consequently, the need for an instrument that can automatically 
dismantle (untwist) a length of yarn into its individual constituent fibres in a cost effective 
manner without seriously damaging the fibres, is important and pressing, particularly in the 
high quality and competitive environment prevailing globally. Table – 1 gives the potential 
practical applications of such a yarn dismantler. 
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Table 1: 
 
Potential Applications of the Yarn Dismantler for Cotton Ring Spun Yarns and Fabrics 
 
Potential 
application/problem 
Measurement to be carried out 
on dismantled fibres 
Parameters/Method required to 
solve the problem 
1.   Barrè and streakiness in 
dyed cotton/ring-spun 
structures. 
 Maturity  
 Micronaire, fineness, (AFIS, 
Micromat) 
 Micronaire difference > 0.3 
can cause barrè 
 Maturity or differences 
2.   Shedding of fibres in 
fabrics (e.g. towels). 
 Length (AFIS) 
 Maturity/Fineness/ 
Micronaire (AFIS, Micromat) 
 SFC/Length and/or 
 Maturity/Fineness/ 
Micronaire 
3.       Determining fibre 
properties in yarn and 
fabric to enable them to be 
reproduced (duplicated).  
 Length (AFIS) 
 Maturity/Fineness/ 
Micronaire (AFIS, Micromat)  
Relevant fibre properties 
determined 
4.   Distinguish between 
combed and carded ring-
spun yarns. 
 SFC (AFIS) 
 Trash (AFIS) 
Use Uster statistics: SFC(%), Trash 
and dust values to classify yarn as 
combed or carded  
5.  Two fabrics, nominally 
same construction, yarn 
(tex and twist) yet different 
mass (g/m2) 
 Maturity/ Micronaire 
/Fineness (AFIS, Micromat) 
 Neps/Length (AFIS) 
Difference in quality of fibres 
causing different dimensional 
changes. 
6.   Barrè and streakiness in 
undyed fabric 
 Maturity/Fineness (AFIS, 
Micromat), 
 Colour (HVI) 
 Colour difference 
 Micronaire, Fineness, 
 Maturity difference. 
7.   Checking fibre quality 
specification in yarns or 
fabrics. 
 Maturity,  Micronaire, 
Length,  Fineness (AFIS) 
 Colour (HVI) 
Compare with specification 
8.   Identifying the cause(s) 
of appearance faults and 
differences in knitted and 
woven fabrics and 
garments 
 Length, SFC, Fineness, 
Micronaire, Maturity (AFIS) 
Compare the fibre properties 
with those fibre properties 
obtained from control garments 
or fabrics  
9.   Enabling quantitative 
analysis of yarns containing 
cotton and other cellulosic 
fibres e.g. ramie, flax, etc. 
 Microscope  Separation of fibres (small 
magnification) 
 Weigh fibres separately. 
 
4 
 
The work presented in this thesis covers the further development, evaluation and optimisation 
of a novel technology and instrument, termed Yarn Dismantler (US Patent 6,205,758B1), to 
automatically dismantle a short staple cotton yarn into its constituent fibres without damaging 
or changing the fibres and within an acceptable period (time frame). In its original state of 
development, the bench model produced sufficient fibre for analysis on the AFIS apparatus 
within 10 to 20 minutes. The present research has focused on the further development of the 
Yarn Dismantler and optimising the operational parameters so as to achieve the best 
dismantling effect on short staple cotton yarn, with minimum damage to the fibres. In 
addition, the operational performance and certain applications of the Yarn Dismantler have 
been studied. One area investigated in this respect involved tracking changes in cotton fibre 
properties during processing from the gin to the yarn, the yarn dismantler being used to enable 
fibre length parameters, maturity, fineness, nep count and contamination to be measured. For 
this purpose, South African grown Upland cottons have been processed on miniature, pilot 
and industrial scale machinery into carded and combed yarns of different linear densities and 
twist levels. This is the first time that a study of this nature has been carried out on cotton, 
particularly South African cotton from the bale to spun yarn, and employing this novel and 
unique method of dismantling the cotton yarns into their constituent fibres. The AFIS 
multidata fibre testing instrument has been used to measure the fibre properties, such as 
length, diameter, fineness, maturity, trash and neps. 
 
Chapters 2 and 3 provide a broad background to the study, covering the literature review on 
the cotton fibre characteristics, their measurement and processing into yarn. Chapter 4 gives 
the description of the original bench model yarn dismantler. Chapter 5 provides all the 
experimental details in 3 sections:- Section I contains all the general fibre testing details and 
description of raw material common to the different experimental sections. Section II covers 
the development of the instrument, the details of the laboratory trials and a commercial trial of 
the application of yarn dismantler. Section III contains the experimental details relating to the 
monitoring of changes occurring in the cotton fibre properties at different stages along the 
spinning production line. Chapter 6 deals with the analysis and discussion of the results in two 
sections:- Section 6.1 covers the results of the laboratory trials relating to the further 
development and optimisation of the instrument and a commercial trial of its application, 
5 
 
while Section 6.2 deals with the results relating to changes occurring in cotton fibre properties 
at different stages along the spinning production line. Chapter 7 provides the summary and 
conclusions of the work presented in this thesis, as well as recommendations for further work.   
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CHAPTER 2:   
 
COTTON FIBRE PRODUCTION, STRUCTURE AND PROPERTIES 
  
2.1 INTRODUCTION  
 
As a general background to this study, information is provided, and relevant literature 
reviewed, on the production, structure and properties of cotton. 
   
 
2.1.1 Raw Materials Used in Staple Spun Yarn Production 
 
Cotton is the most important natural fibre (Schenek, 2002) and is grown in over 100 countries 
worldwide, accounting for about 30% of all fibres produced. Annual global consumption of 
fibres in 2010 was about 85 million tons, about 40% being in continuous filament form and 
60% in staple fibre form, the bulk of the latter being used in the production of staple fibre 
yarn (long and short staple). Cotton accounts for about 27% of global fibre consumption 
(Hayes, 2011) (Fig.2.1), i.e. 24.7 million tons in 2011/12 (USDA, 2011), about 23.5 million 
tones of which being used in the production of staple fibre yarn. The cotton crop for the 
2011/2012 production year was about 27 million tons according to “Cotton: World Markets 
and Trade – USDA, October 2012”. 
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      Figure 2.1: World fibre consumption in 2010 (Hayes, 2011)  
 
The major cotton producing countries are China, India, U.S.A, and Pakistan, and the major 
cotton processing countries are China (7.2 million tons), India (5.98 million), United States 
(3.4 million) and Pakistan (2.3 million) (USDA, 2012). Cotton is undoubtedly the most 
important natural fibre, and certainly the most widely used natural fibre by far, and forms the 
basis of this study and its characteristics are briefly reviewed as a general background to this 
study. 
 
 
2.1.2 Characteristics of cotton raw material  
 
Staple fibre yarns can be produced from either natural or man-made (synthetic or regenerated) 
fibres, or their blends, such fibres generally varying a great deal in their physical dimensions 
and other characteristics. Natural fibres show a much greater variation, in both their physical 
and chemical properties, than man-made fibres, due to variations in genetic and 
environmental factors. Such variations in fibre properties have a great influence on textile 
processing performance and costs, as well as on the final textile product properties/ 
performance and quality, the raw material, for example, representing about 50 to 70% of the 
production cost of a cotton yarn. Nevertheless, in spite of the extensive research carried out to 
Man-made, 
64% 
Cotton, 27% 
Other 
Vegetable 
Fibres, 7% 
Wool, 1% 
Silk, 0.50% 
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relate the measured characteristics of cotton fibres to processing performance and yarn 
quality, there is at present still no universal means  available to accurately relate cotton fibre 
properties to subsequent textile performance and quality or to price (Hunter, 2007). The 
reasons for this include the tremendous variations in cotton fibre properties and their 
interrelationships, as well as in the diverse processing conditions and equipment which can be 
used, and the interactions between the fibre processing conditions and fibre properties in 
determining processing performance and yarn quality. Furthermore, the relationship between 
the fibre price and properties varies for different fibre types and uses, and according to supply 
and demand. 
Within the above context, the following represent the main cotton fibre characteristics:- 
 
1. Length 
2. Fineness / Cross-section 
3. Maturity 
4. Strength / Elongation 
5. Colour and Lustre 
6. Friction 
7. Non-Fibrous Contamination / Impurities 
8. Faults / Neps 
9. Crimp 
The most important properties commercially, and of particular interest in this research, 
include Length, Fineness, Maturity and Strength. 
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2.1.3 Cotton growing 
 
The cotton fibre comes from the plant genus GOSSYPIUM which has many varieties. Those 
of commercial importance to a cotton producer are (Gutknecht, 1986): 
 
- GOSSYPIUM HERBACEA, which occurs both in the wild and cultivated in Asia and 
Africa ( 5% of world production). 
- GOSSYPIUM HIRSUTUM, also commonly referred to as American Upland Cotton, 
which occurs wild and cultivated in America and the Pacific Islands and is the most widely 
cultivated in many different parts of the world ( 87% of world production). 
-  GOSSYPIUM BARBADENSE (represents  8% of world production), mainly grown in the 
West Indies. It originated in South America but the Boll Weevil destroyed the crop. It is the 
finest and longest cotton produced, and also known as Sea Island Cotton. Egyptian cotton, 
noted for its long fine staple, is a hybrid of Gossypium Barbadense. 
The cotton plant is bush or tree-like (Figure 2.2a) and, depending on the type, ground, climate 
and method of cultivation, reaches a height of between about 25 cm and over 2 metres.  
 
 
 
           Figure 2.2a:  Cotton plant (Pepper, 2009) 
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From sowing to harvesting, takes about 175 to 225 days, depending upon genetic factors and 
growing conditions. The seedling sprouts a few days after the seed is planted, and the plant 
develops to the flowering stage in approximately three months. The seed vessel in the 
blossom develops into a pod after pollination, fibre growth continuing in the closed pod. The 
fibres grow out of the seed, and become either long fibres or soon stop growing and cover the 
seed as linters. The individual cotton fibre is a seed-hair consisting of a single cell. It grows 
from the epidermis or outer skin of the cotton seed. Each cotton seed may produce 2000 to 
7000 fibres on its surface, and a single boll can contain 150 000 fibres or more.  
When the seeds are almost ripe, the pod bursts open and the cotton hairs (fibres) are seen as a 
white fluffy mass. The pod is now called a BOLL. This reaches its full size in approximately 
three weeks after pollination, and splits open around 50 days after flowering (Koch, 1989). 
The seed fibres swell out after boll opening. Figure 2.2b shows the stages of development of 
the cotton boll. 
 
 
Fig. 2.2b:   Stages of development of the cotton boll 
 
The following classification of cotton seed is made, depending on the type of fibre on the 
seed: 
 
- seed without fibres 
- seed with linters only 
- seed with linters and long fibres 
- seed with long fibres only 
 
11 
 
Only seeds containing long fibres are important in terms of fibre production. The cotton fibres 
are formed on the cotton seed in the form of  circular cylinders, which continue to grow 
(extend) in length, their development taking place in two stages; firstly, fibre cell elongation, 
and secondly, fibre wall thickening (Anderson and Kerr, 1938). Unless interrupted, the 
elongation period lasts for about 25 to 35 days after flowering, at which time the primary cell 
wall (i.e. cylinder wall) reaches a thickness of less than 1µm. As fibre length growth 
approaches its completion, the secondary fibre wall starts to build up (thicken) on the inner 
surface of the primary wall. This secondary wall development continues for a further 35 to 50 
days, two layers of cellulose forming (being deposited) on the inner wall for each day/night 
cycle (Pierce and Lord, 1939). The period of initial length growth and secondary wall 
development, depends markedly on variety, growing conditions and the planting season 
(Ramey, 1982). The build-up of the secondary wall is initially fairly rapid, but the rate of 
increase in thickness of the cellulose layer decreases, and eventually stops a few days before 
the cotton boll splits open, after which the free moisture inside the boll evaporates, the fibres 
dry out and collapse to produce the typical convoluted ribbon form of raw cotton (Lord, 
1956). Figure 2.2c shows a scanning electron photomicrograph of the longitudinal tape-like 
view of a raw cotton fibre (Koch, 1989). Premature interruption of the process, for example 
due to adverse climatic conditions, pests or disease, leads to immature (i.e. thin walled) fibres, 
with potentially serious processing and quality implications, as will be discussed later.  
 
 
 
 
  
Fig. 2.2c:  Longitudinal tape-like convoluted view of cotton fibre (Koch, 1989) 
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2.1.4 Chemical Structure 
 
 
Figure 2.3: Chemical structure of cotton cellulose (Lord, 1961) 
 
The cotton polymer is a linear, cellulose polymer. The repeating unit in the cotton polymer is 
cellobiose which consists of two glucose units (Figure 2.3). It is not fully understood how 
cellulose is formed or polymerised by plants. It is therefore preferable to refer to cellobiose as 
the repeating unit of the cotton polymer rather than as its monomer. The cotton polymer 
consists of about 5000 cellobiose units, that is, its degree of polymerisation is about 5000. It is 
a very long, linear polymer, about 5000 nm in length and about 0.8 nm thick. The most 
important chemical groupings on the cotton polymer are the hydroxyl (-OH) groups. These 
are also present as methylol (-CH2OH) groups, their polarity giving rise to hydrogen bonds 
between the OH-groups of adjacent cotton polymers. Cotton is a crystalline fibre, its polymer 
system being about 65 to 70 per cent crystalline and, correspondingly, about 35-30 per cent 
amorphous. Therefore, the cotton polymers are, in the main, well oriented and probably no 
further apart than 0.5 nm in the crystalline regions. This is the maximum distance across 
which hydrogen bonds can form between polymers. Hydrogen bonds are the dominant and 
most important forces of attraction present in the polymer system of cotton. Van der Waals' 
forces also occur but, compared to the hydrogen bonds, are of little significance (Morton and 
Hearle, 1975). 
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2.1.5 Morphological Structure 
 
   
 
a) Fibre structure (Young and Rowell, 1986)       b)   Fibre model (Kling et al., 1958) 
 
Figure 2.4: Morphological structure of cotton  
 
The cotton fibre is a single plant cell. Its cross-section is oval, compared with the normal 
hexagonal plant cell. However, like all plant cells, cotton has a distinct cuticle (waxy layer 
outside the primary wall), well developed primary and secondary walls and a lumen (Figure 
2.4). The cuticle is the 'very outside' or 'skin' of the cotton fibre. It is composed of a waxy 
layer only a few molecules thick. The inert nature of this cotton wax protects the rest of the 
fibre against chemical and other degrading agents, and also produces a water repellent or 
hydrophobic effect. It does, however, also act as a lubricant, thereby facilitating the 
mechanical processing of the cotton.   Kier boiling and bleaching during cotton finishing 
(preparation) remove much of the cuticle or wax. This makes the fibre more easy to wet, and 
enables it to absorb moisture more quickly, it also promotes dyeing. Subsequent laundering 
will gradually remove most of the remaining cuticle. As the extent of the cuticle is decreased 
further, deterioration of the cotton textile material increases. 
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The primary cell wall, which is immediately underneath the cuticle, is about 200 nm thick, 
being composed of very fine threads of cellulose, called fibrils. These fibrils are about 20 nm 
thick, but their length is, as yet, not accurately known. The fibrils spiral at about 70° to the 
fibre axis. This spiralling imparts strength to the primary cell wall and therefore, also to the 
fibre. The primary cell wall can be visualised as a sheath of spiralling fibrils (Lord, 1961). 
Beneath the primary cell wall lies the secondary cell wall, which forms the bulk of the fibre. 
Concentric layers of spiralling, cellulosic fibrils, not unlike the growth rings of trees, make up 
the secondary wall and their numbers vary between 25 and 30, depending on growth 
conditions and period (Bigler, 1962). The fibrils of the secondary wall are about 10 nm thick, 
but of undefined length. The fibrils consist of a bundle of smaller microfibrils, some 0.02-
0.03µm thick and at least 10µm long, when viewed in an electron microscope. Near the 
primary cell wall, the fibrils of the secondary wall spiral at about 20 to 35° to the fibre axis 
(Shore, 1995). This spiral angle increases to between about 20 to 45° for the fibrillar layers 
nearer the lumen. Much of the strength and stability of the cotton fibre, and hence of the yarns 
and fabrics, may be attributed to these spiralling fibrils. Whenever the fibrils change the 
direction of their spirals, a weak area occurs in the secondary wall structure. It is at these 
weak areas that the convolutions of the fibre also alter the direction of their twist (Lord, 1961, 
Bigler, 1962). 
The hollow canal, running along the length of the fibre, is called the lumen. Its walls are the 
innermost, concentric layers of spirals of the secondary cell wall. The lumen was once the 
central vacuole of the growing cotton fibre, when it was full of cell sap, composed of a dilute, 
aqueous solution of proteins, sugars, minerals and cell-waste products. When the sap 
evaporated after boll opening, its constituents remained behind to contribute to the colour of 
the cotton fibre. As the sap evaporates, the pressure inside the fibre becomes less than the 
atmospheric pressure on the outside. This causes the fibre to collapse inward, resulting in the 
characteristic kidney-shaped cross-section of the cotton fibre.  
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2.2 REVIEW OF COTTON FIBRE PROPERTIES: THEIR MEASUREMENT 
AND EFFECT ON PROCESSING PERFORMANCE AND YARN QUALITY  
 
 
With the present highly competitive global textile market, product quality and price are of 
great importance. In order to produce high quality yarns, which will produce high quality 
woven or knitted fabrics and finished products at very competitive prices, emphasis needs to 
be placed on the quality and processing of the cotton. The engineering standard of high speed 
machines is extremely high, with the fibre characteristics playing an increasingly important 
role in the efficient operation of these machines (Aldrich, 1973),
 
and in the production of a 
high quality product, at a market acceptable, and competitive prices.  
Cotton quality testing and evaluation systems are today developing along 3 main routes, 
namely the High Volume (HVI) and Low Volume (LVI) testing of cotton fibre bundles, and 
the testing of individualised fibres (Hunter et al., 2000). HVI fibre testing systems were 
introduced during the late 1970s and early 1980s as the fastest way of measuring fibre length 
and other fibre characteristics, such as strength, micronaire, trash, elongation and colour, on a 
commercial high volume fibre testing scale, with the aim of ultimately testing each bale of 
cotton produced for trading and other purposes. Qaud (2004) has reviewed the various cotton 
testing methods. 
An important development relates to the rapid individualised fibre measurement systems for 
cotton, enabling the laboratory measurement of properties, such as length and length 
uniformity, short fibre content (SFC), fineness and maturity, neps, trash, dust, and their 
respective single fibre distributions. One such system, and which is globally the most widely 
used, is the  Advanced Fibre Information System (AFIS) of Uster Technologies which uses an 
electro-optical measurement system and provides more detailed information, down to 
individual fibre level, also covering a number of properties not measured by HVI.  
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2.2.1 Fibre Length and Length Distribution 
 
As already mentioned, fibre formation initiates on the day of anthesis (flowering), and fibre 
length is determined in the next 15 to 25 days by genetic factors and growing conditions 
(ICAC, 2000).
 
Fibre length is largely determined genetically, with growing conditions playing 
a relatively minor role. Seed cotton fibres, ignoring the linters, are generally remarkably 
uniform in length (Wakeham, 1955), although the fibre length is not the same on all the seeds 
within a boll, or on different positions of the seeds. It follows that no boll consists of fibres of 
a uniform length, although the fibre length variation within a boll is less than that between the 
bolls on the same plant. The position of the boll on the plant has a significant effect on fibre 
length (ICAC, 2000), variation in length among fibres harvested from the same field being 
mostly related to the position (bottom, middle or top) of the bolls on the plant. Furthermore, 
fibres from different plants in a field, as well as from different fields and even regions can 
also differ in length characteristics. All these potential sources of length variation, together 
with that introduced by ginning, and other mechanical actions, result in raw material which 
can be very variable in fibre length and which greatly impacts processing performance and 
product quality.    
 
Fibre length is usually measured on the cotton lint after ginning. The lint sample used in the 
estimation of fibre length therefore comprises  fibres from  not only the various parts of the 
seed, but also from various seed positions within a locule, various boll positions on the plant, 
various plants within a field and various fields on a farm, with the associated variations in 
fibre length.  
 
Fibre length has long been recognised as one of the major characteristics to be considered for 
the efficient utilization of a particular cotton cultivar and is the principle determinant of yarn 
quality and of the finest count (i.e. spinnability or spinning limits) that can be spun from the 
cotton (Alberts and Van Harten, 1965). This is due to the greater inter-fibre friction and 
cohesion provided by longer fibres decreasing fibre slippage, causing the fibres to mainly 
break rather than slip. An additional, factor, which adds to the improvement of yarn strength 
associated with longer fibres, is the fact that generally, the longer fibres are stronger than the 
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shorter ones under the same growing conditions, provided that genotypic differences are not 
great. Length and length uniformity have a direct and major influence on yarn strength, 
elongation, evenness, structure, and hairiness, as well as on the yarn twist level required to 
produce a yarn of a certain strength and quality, the nature and magnitude of the effect 
depending upon many factors, such as spinning system (ring, OE, air-vortex etc.), yarn count 
and twist etc.  
Various measures of cotton fibre length are used, such as the upper half mean length, classer‟s 
staple length and upper quartile length. They indicate the length of the longest cotton, 
according to which the drafting rollers are normally set (Wakeham, 1955), (Prakash, 1964), 
the spinning machines and their settings being particularly sensitive to fibre length (Preysch 
Spinlab, 1970). 
 
The cotton on the seed naturally has a small percentage of short fibre present, which can be 
called inherent or genotypic dependent short fibre content (SFC). Nevertheless, most of the 
short fibres present in cotton originate during ginning, Fransen (1986) concluding that there 
are very few short fibres on the cotton seeds with ginning breaking many fibres, and therefore 
increasing the short fibre content considerably. Ginning essentially causes fibre breakage 
when the force needed to remove the fibre from the seed (i.e. detachment force) exceeds the 
fibre strength (Lord, 1964), for example, at its weakest place. Where it does not, the fibres 
will be removed intact from the seed, although further mechanical actions and stresses 
imposed on the fibres subsequent to this, can cause fibre breakage. Ginning conditions, 
including the type (i.e. roller or saw), speed, number of the cleaners, and condition of the gin, 
as well as the characteristics of the seed cotton, such as trash and moisture content, 
significantly affect the fibre length and SFC of the cotton after ginning. 
 
 It is well-known that cottons having the same classer‟s length may have different fibre length 
distributions, since some cottons are more variable in length than others, and have 
significantly more short fibres than others, such differences not necessarily being reflected in 
the classer‟s length. Fiori et al. (1956a), for example, found that the percentage by mass of 
fibres shorter than 9mm (3/8") varied from 2.5 to 12.5%, i.e. by as much as five times, 
whereas the coefficient of variation of length changed only from 22 to 37%, i.e. by a factor of 
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1 to 1.7. Coefficient of variation is therefore relatively insensitive to variations in SFC, as is 
the measures of the overall fibre length, such as UHML, staple length, etc., which can have, 
important implications when it comes to processing behaviour and product quality.  
The effect of short fibre content on the quality of cotton yarns has been extensively 
investigated and is therefore well known. Short fibres do not contribute significantly to yarn 
strength, tend to contribute to nep formation during processing, reduce yarn evenness, and 
lead to fibre fly on the processing machine in the spinning mill and in downstream processing. 
There is an indication that the “length slippage” at the rupture point of a yarn is approximately 
8mm. Therefore, fibres with a length of 8mm or less are likely to slip rather than break when 
a yarn is extended and ruptures, and hence these short fibres cannot contribute, or contribute 
little, to the strength of the yarn (Kohle, 1934). 
As SFC has a direct impact on spinning performance and on yarn and fabric quality, it should 
be measured, irrespective of other length parameters being measured. 
The effect of increasing short fibre content on the characteristics of different linear density 
yarns (16, 27 and 42 tex), over twist constants (cotton twist factors) ranging from 3.50 to 5.75,  
is summarised by Tallant et al. (1959),(1960),(1961) as follows for ring spun yarns: 
“Increased SFC resulted in decreased yarn strength (these decreases being in excess of 1% in 
tenacity for each 1% increase in SFC by mass), decreased yarn elongation at break, and 
decreased yarn appearance and uniformity”, with the effect of changes in short fibre content 
more pronounced for finer yarns (Tallant et al., 1962). 
  
A fibre mass based SFC of about 10% is regarded as about the maximum acceptable for 
efficient mill processing (Ruscci, 1970). Short fibres will be more harmful in longer cottons, 
since the drafting distances will be longer and will therefore result in less control over the 
short fibres during drafting (Merchant, 1962a). An increase in SFC increases processing waste 
and optimal roving twist, which in turn lead to uneven and weaker yarns (Wakeham, 1955), 
(Prakash, 1964). Increases in cotton SFC decrease fabric strength, elongation, flex abrasion, 
handle and tear strength, but have no effect on crease recovery (Tallant et al., 1962), any 
effect of SFC being less pronounced for fabrics than for yarns. 
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The classification of short fibre levels (generally taken as fibres shorter than 12.7 mm by 
weight) in a sample of upland cotton is given below (ICAC, 2000): 
 
 
SFC level   Description 
Less than 6%   Very Low  
6.1 – 9.9%   Low  
10.0 – 13.9%   Medium  
14 – 16.9%   High  
More than 17%  Very High  
 
 
2.2.1.1  Fibre Length Testing Methods: 
 
The first, and traditional, determination of the length characteristics of the cotton, and which 
is still often employed, is carried out by classers who use the hand stapling method. In 
essence, this consists of selecting a cotton sample and preparing the fibres by hand doubling 
and drawing, to give a fairly well straightened tuft about ½ inch wide. This is laid on a flat 
black background and the staple length measured (Booth, 1968). The staple length was long 
regarded as the best criterion for evaluating the spinning potential of cotton (Aldrich, 1973). 
 
Fibre length definitions commonly referred to today, and used in the trading and processing of 
cotton, include (Behery, 1993) :- 
 
1. Staple Length, which can be called the classer‟s estimate of fibre length. 
2. Modal Length, the length in a fibre sample length distribution frequency diagram, which 
represents the highest frequency of occurrence. 
3. Mean Length (ML), an arithmetic mean of all fibres in the test specimen, based on 
weight-length data. 
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4. Span Length (SL), a distance spanned by a specific percentage of fibres in a test beard, 
when tested by the Fibrograph, taking the reading at the starting point (in practice 
generally 3.8 mm away from the clamp edge) of scanning as 100%.  
5. 2.5% Span Length (SL), which represents the length that is exceeded by only 2.5% of the 
beard fibres as scanned by the Fibrograph. 
6. Effective Length, which is the upper quartile of a numerical length distribution from 
which some of the short fibres have been eliminated in the process of preparing the 
specimen. 
7. Upper Quartile Length (UQL), the fibre length that is exceeded by 25% of the fibres by 
weight in the test specimen when tested by the Array method. 
8. Upper-Half Mean Length (UHML), the mean length of fibres longer than 50% of the 
fibres by weight, as tested by the HVI. 
9. Length Uniformity Index(UI), the ratio between the mean length and upper-half mean          
length, expressed as a percentage (i.e :   ML   x  100  ). 
          UHML 
 
 
10. Length Uniformity Ratio (UR), the ratio between the 2.5% and 50% span lengths, 
expressed as a percentage, being usually used.  
 
  UR =  50% SL  x 100 
        2.5% SL   
 
11. Short Fibre Content (SFC), is traditionally and usually taken as the percentage, by either 
number or by weight, of fibres shorter than 12.7mm (1/2 inch).  
12. Floating Fibre Index (FFI), provides an indication of those fibres that are not clamped by 
either of the pair of rollers of a drafting system. 
 
FFI = (UHML - 1) x 100 
       ML 
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Since the traditional manual staple length measurement is of such a subjective nature, other 
more objective (instrument) techniques were developed which provide more detailed and 
accurate information on the fibre length characteristics of a particular cotton. Fibre Sorter 
methods represent some of the techniques which are of an objective measurement nature, 
examples of which are the Baer, Shirley and Suter Webb. The Fibre Sorter is an instrument 
which enables the sample to be fractionalised into length groups (Booth, 1968). Figure 2.5 
shows a typical geometrical analysis of a comb sorter diagram. 
 
 
 
   Figure 2.5:  Geometrical analysis of a comb sorter diagram (Booth, 1968)
 
 
 
The Digital Fibrograph (photoelectric stapler), is a quicker method than the sorter method of 
measurement of staple length. Figure 2.6 shows the type of curve it produces and the way in 
which it is used to analyse the required information (Morton and Hearle, 1975).  
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Figure 2.6: Analysis of the Fibrograph Curve 
 
 
The Balls Sorter percentage short fibre (less than 8/16"), by both mass and number, is highly 
correlated with the % short fibre (by number) measured on the digital Fibrograph (Prakash, 
1960). 
The fibrograph method of selecting fibres from the sample is the same as that of the drafting 
rollers, there being a greater probability of selecting longer fibres (Anon, 1979). From a 
practical point of view, the fibrograph 2.5% span length is the length when the “optically 
scanned” amount of fibres indicated by the instrument is 2.5% of the amount of fibres at the 
starting point of 3.8 mm. The mean length, as measured on the fibrograph, is an estimate of 
the average length of the cotton fibres longer than 6.3mm (Luan, 1959). The highest standard 
count (a kind of spinning limit) is correlated with both the 2.5% span length as well as the 
Balls sorter mean length (Prakash, 1964). Both the upper half mean length (UHML) and 2.5% 
span length are regarded to be close, but not identical, to the classer‟s staple length (Anon, 
1976), with the differences generally less than 0.88mm (1/32"), and both the staple length 
from the Shirley Photo-Electric Stapler and the 2.5 and 10% span length of the Digital 
Fibrograph can be used to rank cottons according to their fibre length (Audivor and De 
Castellar, 1972) . 
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Cottons have been classified as follows according to staple length (Arnold, 1969): 
 
Staple Length Description 
mm In  
< 20.6 
20.6 – 25.4 
26.2 – 27.8 
28.6 – 33.3 
> 34.9 
<26/32 
26/32 – 1 
1 1/32 – 1 3/32 
1 1/8 – 1 5/16 
> 1 3/8 
Short 
Medium 
Medium long 
Long 
Extra Long 
 
 
The following values have been given for the array upper quartile length and coefficient of 
length variation (CV%) obtained by means of a Suter-Webb fibre sorter (USDA, 1978), the 
upper quartile length being highly correlated with, but generally longer than, the 2.5% span 
length. 
 
 
Upper Quartile Length (mm)            Classification 
Less than 27.9 (1.1")     Short 
27.9 to 31.5 (1.1 – 1.24")    Medium 
31.8 to 35.3 (1.25 – 1.39")    Long 
More than 35.3 (1.39")    Extra Long 
 
 
Coefficient of Length Variation (CV%) Classification 
Less than 26      Very Low Variation 
26 – 29      Low Variation 
30 – 33      Average Variation 
34 – 37      High Variation 
More than 37      Very High Variation 
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The following ratings of cotton samples in terms of CV of fibre length, are given in the  
Handbook of Textile Testing and Quality Control (Grover and Hamby, 1960):- 
 
CV%    Rating 
Less than 27   Low Variability 
27 to 34   Average Variability 
More than 35   High Variability 
 
The Digital Fibrograph 50% SL / 2.5% SL uniformity ratio (UR) values are a measure of 
relative uniformity of the fibre length in the sample (USDA, 1978). Larger values indicate a 
more uniform fibre length distribution. The following table (USDA, 1978) classifies cottons 
from the standpoint of fibre length uniformity, using the uniformity ratio (UR) as a basis:- 
 
  Uniformity Ratio (50% SL / 2.5% SL) 
               UR%                                              Classification 
Below 41    Very Low 
41 – 43    Low 
44 – 46               Average 
47 – 48    High 
Above 49    Very High 
 
Very low fibre length uniformity (i.e. low uniformity ratio) tends to increase manufacturing 
waste, making processing more difficult, and leading to a lower quality product. 
 
With the HVI instrument, the test specimen is held in a clamp in such a way that fibres in the 
bundle are clamped in a random position. Light is transmitted through the sample and the 
beard is scanned photo-electronically from the base to the top. The amount of light passing 
through the beard is used as a measure of the number of fibres that extend various distances 
from the comb. This is the same principle as used in the fibrograph. The main length 
parameters measured by HVI are UHML, ML and UI. HVI data may also provide information 
on the 50% span length and uniformity ratio, in addition to 2.5% span length and uniformity 
25 
 
index, as well as on the short fibre content, usually expressed as the Short Fibre Index (SFI). 
The HVI measurements of length (UHML) and Length Uniformity (LU), also termed 
Uniformity Index (UI), have a high inter-laboratory reproducibility, the inter-laboratory CV of 
both being a highly acceptable 2% or less (Hunter and Spies, 2002). 
Uniformity Index is also fairly highly correlated with short fibre content (SFC) (Perkins, 
1988).  The length uniformity index is important to yarn production efficiency as well as yarn 
strength and evenness. The following table illustrates the classification (Lawrence, 2003) of 
HVI Uniformity Index:  
 
HVI length Uniformity Index (UI)%  Degree of uniformity     
Above 85     Very high 
83 – 85     High 
80 – 82     Intermediate 
77 – 79     Low 
77 and below     Very low   
 
 
The latest HVI systems provide measures of short fibre content. Two ways of deriving short 
fibre content (SFC) from HVI measurements have been developed. One uses an algorithm to 
derive a short fibre index from the fibrogram. The other is based upon a regression analysis 
(prediction) involving UHML and length uniformity (Hunter and Spies, 2002).
 
 
In the AFIS system, fibres are opened (individualised) with an aeromechanical processing 
technique and presented to electro-optical sensors, along with other components of the test 
sample, such as microdust and trash particles. The AFIS – L and D system gives detailed 
single fibre information on length by weight and length by number. It can measure upper 
quartile length fibre length histogram, staple length diagram and fibre length at various span 
lengths in addition to short fibre content (ICAC, 2000). AFIS provides unique and invaluable 
information, on a cost-effective basis, which is of great value to the cotton mill in controlling 
and optimising each of the various processes from the bale until the yarn is produced (Hunter, 
1998). 
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Schenek and Janetzkey (1990) found the Almeter AL-101 to produce accurate and reliable 
length results, including SFC, on cotton. Hequet and Frydrych (1992a), compared AFIS 
length measurements on the USDA standard cottons with measurements from Suter-Webb 
Fibre, Array and Peyer AL 101, and found very good correlations for the short fibre 
percentages, similar length distributions being obtained for the very short-staple cottons. For 
the short-staple cottons, the AFIS and Peyer were in good agreement, but the array method 
tended to give higher percentages for the longest fibres. For the medium and long staple 
cottons, the discrepancy between instruments was substantial, AFIS tending to measure about 
1% of the fibres as being longer than 2 inches (Hequet and Ethridge, 2000). Schenek et al. 
(1998), (Schenek et al., 1999) concluded that the AFIS- length Module was the fastest and 
most repeatable SFC measurement method. 
 
 
 
 
2.2.2 Fibre Fineness / Cross-section: 
 
In the early scientific literature, the parameter invariably used for defining the fineness or 
coarseness of a fibre was its diameter. What was frequently referred to as fibre diameter, in 
early books about cotton, was really the maximum width as viewed under the microscope, 
since the cotton fibre cross-section is not circular but rather convoluted kidney shaped. The 
convoluted fibre varies in apparent (or projected) width over a wide range throughout the 
length of each convolution, and either the maximum (major axis) or the minimum (minor 
axis) may in fact be measured microscopically in practice, as is illustrated in Figure 2.7 
(Morton and Hearle, 1975). 
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Figure 2.7: Cotton-fibre major and minor axes (Morton and Hearle, 1975) 
 
If the cross-sectional shape was elliptical, these dimensions would correspond to the major 
and the minor axes of the ellipse. However, cotton fibres exhibit a variety of cross-sectional 
shapes, and they also vary in cross-section and cross-sectional shape along their length, as 
well as varying from fibre to fibre. It was necessary, therefore, to derive some index of 
fineness which could overcome these difficulties. This was achieved by deriving the linear 
density (mass or weight per unit length) directly or indirectly from the fibre cross-sectional 
area and density. In the tex system, this is expressed as g/1000 m (i.e. 1 tex unit = 1 g/1000 
m). For fibres, millitex (i.e. mg/1000 m) is commonly used, millitex = 1000 x  tex, sometimes 
decitex or dtex (i.e; dtex = 10 x tex) is also being used. Linear density provides the most 
useful general way of describing the fineness or coarseness of textile fibres varying in shape 
and cross-sectional area.  
 
In the USA, the traditional weight unit used for cotton is the microgram (g x 10
-6
) and the 
length unit the inch. Therefore, traditionally, cotton linear density was the fibre weight in µg 
/in, which was originally termed Micronaire (µg/in). The micronaire value was taken to 
represent the cotton fibre linear density in µg/inch which could be converted into millitex by 
multiplying by 39.4 (Hunter, 1980). Nevertheless, due to the way it was measured, using 
airflow instruments, micronaire was in actual fact a function of both fibre maturity (M) and 
fibre linear density (H), with the result that the true or actual linear density (mtex) of a cotton 
of a particular micronaire is not fixed, but depends upon the fibre maturity (Nolen, 1974). It 
follows that variation in micronaire can be due to intrinsic fineness changes and/or changes in 
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the fibre maturity (Hunter, 1980). If the fibre linear density remains constant, then the 
micronaire reading will increase with increasing fibre maturity (Lord, 1956), the general 
relationship being:  
 
MH = M
2 
Hs = a X + b X
2
 + c 
     = 3.86X
2
 + 18.16 X + 13.0 
 
where M is the maturity ratio 
 H is the fibre linear density (mtex) 
 Hs is the standard fibre fineness or linear density, which is the fineness the cotton 
 would have at a standard maturity ratio of 1, and 
 X is the micronaire as measured on a standard air-flow instrument. 
 
In many countries, micronaire is used as an indication of fibre maturity and fineness, and to 
avoid fabric barré, micronaire variations are kept to a minimum. Nevertheless, practical 
experience shows that micronaire is not a valid indicator of maturity for all cotton varieties 
(Peters, 1998), although, within a specific cultivar and growing region, it provides a fairly 
accurate measure of maturity. In fact, for a specific cotton variety or cultivar, the micronaire 
values agree pretty well with fibre linear density (µg/inch), for example for American upland 
cotton (Prakash and Iyengar, 1965). The fibre fineness has a significant affect on the 
properties of the yarn and fabric, since the average number of fibres in the yarn cross-section 
has a major influence on spinning performance and yarn properties. As the yarn becomes 
finer, the average number of fibres in its cross-section decreases for a constant fibre linear 
density, and the yarn becomes increasingly uneven, eventually reaching the point where the 
fibres can no longer be twisted into a coherent yarn, this being referred to as the limiting 
count or spinning limit. This spinning limit is reached earlier with coarser fibres (Booth, 
1968), since there are fewer coarser fibres in a yarn of a certain linear density. Less twist is 
also needed to spin a yarn of a given strength from fine fibres, due to the greater surface area 
available which provides more cohesion. This results in a softer yarn and fabric, lower twist 
also means higher yarn production for the same spindle or rotor speed during spinning. 
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Where micronaire alone is measured, its importance lies in the fact that it provides a fairly 
good measure of processing waste (lower micronaire fibres break more easily during 
mechanical action), processing nep levels (lower micronaire fibres break more easily and are 
generally more flexible and entangle more easily to form neps), short fibre content, spinning 
performance, yarn and fabric quality, dyed fabric appearance and neppiness. Lower 
micronaire cottons also tend to become more easily entangled around particles of trash and 
leaf, thereby increasing the amount of good fibre removed when such extraneous matter is 
removed (Hunter, 1980). Marth et al. (1952b) reported that, within a given grade and staple 
length, fibre fineness, expressed as micronaire, was an excellent index of the number of neps 
to be expected in card web and also in the yarn. They concluded that medium to high grade 
yarns are made of cotton blends with micronaire values of 3.5 or higher, whereas cotton 
blends that produce low grade yarns have micronaire values in the range of 3.0 to 3.5. This 
depends, however, somewhat on the quality of mechanical processing. During carding, the 
increase in neps with decreasing micronaire value is very gradual down to a micronaire value 
of approximately 3.5, after which it tends to increase extremely rapidly (Figure: 2.8). 
 
 
 
Figure 2.8: Card web neps per 100 sq. inches versus micronaire value (Marth et al., 1952b)
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Apart from the well known relationship between micronaire and nep formation, several 
researchers found that an increase in cotton micronaire increases ring spinning end breaks, 
improves yarn appearance and decreases yarn strength (Waters et al., 1964, Leitgeb and 
Wakeham, 1956),
 
the effect being greater for finer yarns and lower twist factors.  
 
Yarn spinners blend cottons differing in dimensional and other quality related properties, e.g. 
micronaire, in order to meet product cost and quality requirements, within the prevailing 
constraints of the availability and price of suitable cottons. Nevertheless, care must be taken 
to ensure even blending and achieving the required overall product quality. Micronaire 
cottons below 3.0 (fine) and above 5.0 (coarse) are generally difficult to market, frequently 
presenting processing and yarn quality problems, and are consequently often blended with 
other cottons. Blending cottons differing widely in properties, such as micronaire, can, 
however, have an adverse effect on processing and product quality, particularly when the 
blending is not very intimate or homogenous. It has been shown that, when processed alone, 
immature fine cottons can adversely affect yarn appearance, while coarse cottons adversely 
affect yarn strength and spinning performance. Several studies have shown that blends 
involving low micronaire cottons (e.g. 2.5 to 3.0) result in neppy low grade yarn, whereas 
blends containing cotton with a micronaire of 3.5 and higher produce less neppy and higher 
quality yarn (Herbert et al., 1986, Herbert et al., 1988).  Price and Smith (1992) also found 
that nep levels in dyed fabrics produced from ring spun yarn were correlated with the fibre 
properties, such as micronaire (r = 0.70) and maturity (r = 0.77).  
 
Fiori et al. (1956b) found that when a blend of an extremely fine and coarse cotton was 
compared with a homogeneous (unblended) cotton, having a micronaire value equal to the 
arithmetic mean of the blend, the latter produced more uniform yarn at all twist levels, for the 
finer yarn, whereas the medium count yarns had the same uniformity. They also found that the 
dyed fabrics produced from the cotton blend had excessive neppiness, rather than streakiness. 
Jennings and Lewis (1955)
 
stated that, if the difference between the finest and coarsest 
components of a blend is less than 1.0 micronaire unit, an arithmetic mean value will usually 
be sufficiently accurate for routine testing purposes. Louis et al. (1972) also investigated the 
consequence of blending cottons varying in micronaire, comparing the results with an 
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unblended 4.4 micronaire cotton of the same staple length. They found that the nep content of 
the blended cotton after carding was generally slightly higher than that of the unblended 
cotton, and concluded that the inclusion of more than 5% of cotton with a very low micronaire 
(as low as 3.2) would probably result in both processing and quality problems.  
 
 
2.2.2.1   Fineness Measurement: 
 
The gravimetric method of cotton fineness measurement can be regarded as the absolute 
standard or reference method, but is very labour intensive, time consuming and laborious. It 
involves measuring the fibre weight per unit length, usually in terms of milligrams per 
centimetre (mg/cm), one method  being given in the British Standards (1963). Five tufts of 
fibre are taken at intervals along the comb sorter fibre array when a comb sorter diagram is 
made. From each tuft, a section is sliced (1cm in length), 100 fibres being collected and 
weighed, and the mean fibre weight per centimetre calculated. The result is expressed as 
mg/cm or else as millitex (mg/1000m). 
More generally, a measure of cotton fibre fineness is obtained by means of the airflow 
method. It is an indirect method of measuring fibre fineness, which is based on the fact that at 
a given pressure difference, the airflow, through a certain uniformly distributed mass of 
fibres, is determined by the total surface area of the fibres (British Standards 318, ASTM-
1448). The surface area of a circular fibre (length x circumference) is proportional to its 
diameter, but for a given weight of sample, the number of fibres, and hence the fibre surface 
area, increases with fibre fineness, so that the specific area (area per unit weight) is inversely 
proportional to fibre diameter. However, for cottons, the measurement is complicated by the 
fact that the results are affected by the maturity of the cotton as well as by its fineness. 
Because of this, the airflow type of test results are usually expressed in arbitrary micronaire 
units. The test is most frequently carried out on raw cotton which has to be opened and 
blended prior to testing. When used for this purpose, a laboratory blender, Shirley Analyser, 
card web and hand opened samples all give similar micronaire values (Lord, 1956). The 
measured micronaire units can be converted into the product of linear density (millitex) and 
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maturity ratio (Saville, 1999),  as shown on page 28. Cottons can be graded as follows in 
terms of their micronaire and fineness: 
Micronaire Grading (Lord, 1975): 
 
 
Micronaire  Description 
Less than 3.0  Very fine 
3.0 to 3.9  Fine 
4.0 to 4.9  Average 
5.0 to 5.9  Slightly coarse 
More than 6.0  Coarse 
 
 
 
Cotton fibre fineness classification (Cotton Fibre Chart, 1955):
 
 
Fineness (mtex)  Description 
Below 125  Very fine 
125 to 175  Fine 
175 to 200  Average 
200 to 250  Coarse 
Above 250  Very coarse 
 
 
The AFIS Maturity module, a relatively recent development, can measure single fibre 
maturity and fineness using an optical measurement technique. The functioning of the optical 
sensor has been expanded to include measurement of multiple light scattering angles, 
allowing the AFIS to determine fibre “shape”, and an accurate measurement to be made of 
single fibre perimeter and area. The AFIS provides not only the average values, but also the 
distributions and histograms for maturity and fineness, due to the individual fibre information 
obtained (Yankey and Qaud, 1995). 
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2.2.3 Cotton Maturity: 
 
Cotton fibre maturity denotes the degree of relative wall thickening of the fibre (Lord, 1975), 
and is equated with its relative wall thickness, for example, the thickness of the secondary cell 
wall in relation to the diameter of the fibre swollen in caustic soda (Hadwick, 1975). 
Maturity is closely related to fibre linear density, but genetic differences and differences in 
wall thickness, caused by plant diseases and soil and water conditions during growing, 
interfere with this relationship (ASTM 1442-75). When the cotton fibre growth ceases 
prematurely due to poor growing conditions (e.g. severe draught or frost) or disease or insect 
attack, the formation of cellulose layers and secondary wall development ceases, leading to a 
relatively undeveloped and thin secondary wall, and what is called an immature fibre. Such 
immature fibres show little or no development of the secondary wall, depending on when, or 
at what stage of the fibre growth, the development of the secondary wall ceased. As a 
consequence, the physical properties of such fibres are different, the fibres generally being 
weaker and less stiff than the mature fibres (Saville, 1999). They break more easily during 
mechanical processing, and also easily entangle to form fibrous knots or neps. They also have 
a tendency to entangle around particles of trash and leaf, which adversely affect processing 
waste and also yarn and fabric appearance (Saville, 1999). Because of their relatively thin 
secondary wall and flat shape they have different reflectance characteristics than  mature 
fibres, and can also dye to a lighter shade than the mature fibres, causing the neps to show up 
as white spots or flecks after dyeing (ICI Leaflet D1551). Tests in spinning mills have shown 
that some 70% of yarn related dye problems have their origin in the fibre itself, with hairiness, 
yarn count and yarn twist variations each contributing only about 10% towards dye related 
problems (Yankey and Joseph, 1996). As a rough guide, immature fibres have a wall 
thickness below 2µm, cotton wall thickness normally varying from about 2 to 7µm (Dischka, 
1958), commercial cottons generally containing about 25% of thin-walled fibres (Rollins and 
Tripp, 1954). For research purposes, wall thickness can be defined by the degree of wall 
thickening, θ, (Booth, 1968) as follows: 
 
θ =  cross-sectional area of fibre wall  
        area of circle of same perimeter   
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Completely circular solid fibres, irrespective of their perimeter, have a degree of thickening 
(θ) of 1. Typical mature cotton fibres have a kidney-shaped cross-section and an average 
value of    θ = 0.6, with immature fibres having a relatively low θ value of between 0.2 and 
0.3. 
 
 
2.2.3.1   Maturity Measurement Tests: 
 
Established maturity measurement procedures may be divided into either direct or indirect 
ones. An example of the direct approach is that involving  microscopical observations, 
coupled with tedious measurement of wall thickness relative to the fibre diameter (Du Bois 
and Tencarter, 1970). The ratio of the fibre cross-sectional area to the square of its perimeter 
(Pierce and Lord, 1939), and the ratio of wall thickness to lumen diameter for longitudinal 
fibres swollen in NaOH (ASTM Designation1442-80), provide a measure of the fibre 
maturity. Indirect methods involve the measurement of certain fibre characteristic which 
reflect the degree of fibre development or wall thickening, including air permeability (ASTM 
D1449-59, Hertel and Craven, 1951, Lunenschloss et al., 1980), dyeability and birefringence. 
Of these, air permeability is by far the most commonly used. 
The relatively recently developed AFIS Maturity module and optical single fibre 
measurement method provides more detailed information on the maturity related aspects of 
single fibre, including maturity distribution and the presence of immature and dead fibres. 
 
Direct (Caustic soda based) methods:  In the caustic soda swelling method, the appearance 
of the swollen fibre depends on its degree of thickening, and the fibres are classified as 
follows into three different groups according to their visual appearance (Lord, 1975): 
 
1. Normal fibres; those that after swelling appear as solid rods and show no continuous 
lumen. 
2. Dead fibres; those that after swelling have a continuous lumen and the wall thickness 
is a fifth or less of the ribbon width. 
3. Thin-walled fibres; those that are not classed as normal or dead, being of 
intermediate appearance and thickening. 
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The results are expressed as the average percentages of normal (N) and dead (D) fibres, 
respevtively, from which the Maturity Ratio (M) is calculated as follows: 
 
M = (N – D) +0.7 
  200 
 
The theoretical range for M is from 0.2, for all fibres being dead, to 1.2 for all fibres being 
mature (normal). Maturity Ratio is the measure that is fairly widely used commercially. It is 
related to the average degree of thickening, θ, as follows: 
 
 
 Average degree of thickening (θ) = 0.577 M  or           M = 1.73 θ 
 
 
The U.S. test for the maturity of cotton fibres swollen in 18% NaOH only classes the fibres 
into two categories viz. Mature (where the apparent wall thickness to ribbon width is greater 
than 0.25, i.e. where the lumen occupies less than 50% of the total fibre width) (Stephens, 
1977) and Immature (Lord, 1975), i.e. the rest of the fibres. When using this caustic soda 
swelling method, the number of mature fibres, as defined above, expressed as a percentage of 
the total number of fibres in the test specimen, represents the percentage maturity (Pm) 
(Grover and Hamby, 1960): 
 
  i.e. Pm = No. of mature fibres    x 100 
     Total number of fibres 
 
 
This value can be converted to maturity ratio using the following empirical relationship: 
 
 
 
   M = 1.76 - √(2.44 – 0.0212Pm) 
 
 
A level of at least 0.9 (preferably 0.95) for M and 80% for Pm is desirable. 
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Maturity Classification:  The following classification of various cottons according to 
maturity ratio (M) has been given: 
 
 
Classification of Cottons According to Maturity Ratio (Lord, 1975)
 
Maturity Ratio (M) U.S.A Upland Classification Sudan – Egyptian 
≥ 1.00 
1.00 – 0.95 
0.95 – 0.90 
0.90 – 0.85 
0.85 – 0.80 
0.80 – 0.70 
≤ 0.70 
Very Mature 
Above Average 
Mature 
Average 
Below Average 
Immature 
Uncommon 
High Grade – Mature 
Medium Grade – Average 
Low Grade – Below 
Average Uncommon 
- 
- 
- 
 
 
Array Fibre Maturity (Pm) (Grover and Hamby, 1960) 
Pm (%) Rating 
> 85 
76 to 85 
66 to 75 
< 65 
Mature 
Average 
Immature 
Very Immature 
 
 
Immature fibres in the above rating table are classed as those having a wall thickness one-half 
or less than the diameter of the lumen (Grover and Hamby, 1960). 
  
 
Indirect (airflow based) method :       Examples of the airflow test method include the 
Arealometer, CRITER and IIC-Shirley tester (Lord, 1975), where maturity is generally 
determined by a double-compression airflow technique. 
The IIC-Shirley Fineness/Maturity tester works on the double-compression system, and 
allows micronaire, maturity ratio (M) and fibre fineness (mtex) to be determined. It provides 
37 
 
the mean fineness and maturity, generally of a 4 gram sample of cotton. The resistance to 
airflow of the cotton fibres is determined at two different packing densities. The value 
obtained at the lower packing density gives the micronaire, while the difference between the 
two readings is used to calculate the maturity ratio (M), which is closely correlated with the 
values determined by the caustic soda test (Hunter, 1980). Heap (1975) gives the following 
figures (Figures 2.9-2.11) relevant to measurements made on the IIC/Shirley tester, the latter 
providing a very accurate measure of cotton fibre maturity and fineness. 
 
 
 
           
Figure 2.9 :  Maturity Ratio (M) as a function of micronaire and the standard fibre        
fineness or linear density (Hs) (Heap, 1975)
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Figure 2.10 :   Correlation between maturity ratio results determined by air-flow  
                        and caustic soda swelling, respectively (Heap, 1975)
   
 
    
 
 
Figure 2.11:   Correlation between IIC-Shirley fineness and that obtained by  
                        cutting and weighing (Heap, 1975) 
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Optical Measurement Methods for Single Fibres (AFIS):    Air-flow type instruments, for 
the measurement of maturity and fineness, determine the average value for the cotton sample, 
with the degree of opening or contamination of the sample having some influence on the 
measured value (Farber, 1990). With the AFIS Length and Maturity Module (AFIS, L & M) it 
is possible to determine the length and also the maturity of single fibres and their variations. 
At the same time, the Immature Fibre Content (IFC), the fibre fineness in mtex and its 
variations can also be determined. The Immature Fibre Content (IFC) is a defined parameter 
which indicates the percentage of immature fibres in the sample, fibres with a circularity of 
less than 0.25 being defined as immature (Peters, 1998). The lower the IFC, the better the 
dyeability of cotton tends to be. Peters (1998), using the AFIS L & M for testing samples 
from 10 bale laydowns through the entire spinning process, demonstrated that, not only the 
average micronaire or Maturity Ratio should be considered for the composition of bales in a 
laydown, but also their variability. The average and variation of the IFC have a much greater 
influence on the dyeability of fabrics than the average micronaire and Maturity Ratio. 
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 2.2.4 Cotton Fibre Strength 
 
Strength is one of the most important fibre quality parameters, influencing fibre breakage 
during mechanical handling and processing, notably during ginning and carding, and therefore 
also fibre length and length distribution, and consequently also spinning performance and the 
yarn and fabric strength. It has been suggested that an improvement in average strength 
reduces fibre breakage and therefore short fibre content and nep formation (Heap, 1992), 
(Artzt et al., 1992). 
 
Cotton fibre strength is largely determined genetically, although growing conditions can also 
affect it, mainly in terms of the cell wall development and thickness (i.e. the fibre maturity).  
Cotton fibre strength can be expressed in two different ways, viz. as the absolute fibre 
strength (e.g: gram force or cN), or as the cross-section/linear density related strength, termed 
intrinsic strength or tenacity (i.e. gf/tex or cN/tex), cotton fibre breaking strength and elastic 
modulus being correlated with the fibre cross-sectional area (Virgin and Wakeham, 1956)     
 
Differences in the strength of different cottons can be attributed to morphological and 
structural differences, such as convolution angles, reversals, molecular orientation etc. 
(Neelakantan, 1975), immature cotton fibres sometimes having a lower intrinsic strength than 
mature ones (Lord, 1964).  
Cotton fibre strength is directly related to yarn and fabric strength. Higher strength cottons 
produce stronger single and two-fold yarns than do low strength cottons for any given yarn 
count or twist (Fiori et al., 1956b, Fiori et al., 1957). Stronger cottons produce stronger knitted 
fabrics, whereas finer cottons, for example, produce stronger yarns but not necessarily 
stronger fabrics (Ruppenicker et al., 1977). Fibre strength can even be more important than 
fibre length in determining yarn strength (Hertel, 1956), particularly for rotor spun (OE) 
yarns. At optimum twist, fibre strength can account for as much as 88% of the variation in 
yarn strength (Lanstreet, 1954). Often close on 80% of the changes in ring and rotor spun yarn 
strength are explained by the 3.2 mm gauge fibre strength (Ramey et al., 1977).  
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2.2.4.1   Strength Measurement 
 
Because of time, cost and accuracy considerations, cotton fibre strength is generally measured 
on fibre bundles, as opposed to single fibres. Such tests are carried out at either zero-gauge or 
3.2mm gauge length, the latter being generally accepted as a more reliable indicator of 
spinning performance and yarn and fabric strength than the zero-gauge strength (Virgin and 
Wakeham, 1956, Grover and Hamby, 1960, USDA, 1978). Fibre bundle strength testing 
instruments include the Stelometer, Pressley and HVI, while single fibre testing instruments 
include the Mantis. The breaking tenacity of a single cotton fibre can vary from about 15 to 
40cN/tex, there being a correlation between tenacity and fibre length, longer cottons generally 
being stronger (USDA, 1978).   
HVI systems provide a reasonably accurate and reliable measure of cotton fibre strength, but 
their strength values do not always correlate well with those of the traditional laboratory 
instruments, such as Stelometer and Pressley (Crompton, 1989). This is ascribed to a number 
of differences between the HVI test and the Pressley/Stelometer test, such as tapered versus 
parallel beard, speed of test, sampling and presentation of specimen, determination of 
specimen mass, etc. These differences make it unlikely that there will ever be an equivalence 
between the HVI values and those of the laboratory instruments (Sasser, 1988, 1985, Taylor, 
1985, 1986), and differences of as much as 4 gf/tex can occur (Anon., 1988). An extremely 
important and serious problem with the laboratory and HVI measurement of bundle strength 
(3.2mm) relates to the use of two different calibration levels, namely Pressley and Stelometer. 
In recent years, the ITMF and other organisations have taken steps to address this ambiguity 
and have recommended that one level, namely the Pressley level, be used internationally. 
Failing that, the level should always be specified.    
On average, the Pressley tester gives values which are about 16% higher than those obtained 
on the Stelometer (Lawson, 1964). Therefore, standard calibration cottons are recommended 
to correct the values to a common level, namely the Pressley level, expressed as gf/tex or 
cN/tex, which is referred to as tenacity. 
  
1/8 in (3.2 mm) BundleTenacity (cN/tex) = Breaking load in kg x 14.7 
                Bundle mass in mg 
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Cotton fibre strength can be classified as follows (Lawrence, 2003): 
 
 
Degree of Strength HVI Strength (g/tex) / Tenacity
* 
Very Strong 
Strong 
Average 
Intermediate 
Weak 
>30 
29 – 30 
26 – 28 
24 – 25 
<24 
 
*To convert to cN/tex, multiply by 0.98. Values based upon Pressley,  
   rather than on Stelometer, level.   
 
 
 
2.2.5 Cotton Fibre Elongation (Extension) 
 
The elastic elongation of a fibre is often of considerable importance with respect to its 
performance during fibre processing and in use, in many ways determining its ability to 
withstand high loads. Cotton fibre elongation is generally measured in bundle form at 3.2mm 
gauge length, on either Stelometer, Pressley or HVI instruments, at the same time as strength 
is measured, and appears to be a function of the cotton spiral angle. Most commercial cottons 
vary in bundle extension between about 6 and 9%, which could correspond to the 20 to 23º 
range of spiral angle for such cottons (Stephens, 1978). The bundle extension of cotton has 
been found to be positively correlated with fibre diameter and negatively correlated with fibre 
wall thickness (Stephens, 1978). 
Yarn elongation is related to fibre elongation, usually measured on a Stelometer at 3.2mm 
gauge length (Virgin and Wakeham, 1956, Rusca, 1970, Fiori et al., 1956b), the degree of 
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correlation being affected by various factors, such as the yarn linear density and twist, and the 
fibre length (Fiori et al., 1956b, Louis et al., 1961). Fiori et al. (1956b) found yarn strength 
and yarn elongation to be directly related for commercially grown short and medium staple 
cottons, whereas the long staple varieties and some experimental high strength cottons, 
displayed an inverse relationship between yarn strength and elongation. 
 
High elongation cottons produce yarn and fabric with superior elongation and breaking and 
tear strength (Louis et al., 1961). They are less stiff and tend to form more neps, but spin 
better than lower elongation cotton, particularly for low twists and fine yarns, enabling higher 
spinning speeds to be used (Waters et al., 1966). For medium staple cottons,  an increase in 
fibre elongation from 6 to 10% has been found to allow an increase of 1000 rev/min in ring 
spindle speed for medium yarn counts (Rusca, 1970).  
 
 
The following classification applies to American Upland Cottons (USDA, 1978): 
 
Fibre Elongation (%)   Description 
   5.2 and below    Very Low 
   5.3 – 6.1    Low 
   6.2 – 7.0    Average 
   7.1 – 7.9    High 
   8.0 and above    Very High 
 
Data Source: 2076 American Upland lots tested from the crops of 1971 – 75. 
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2.2.6 Fibre Stiffness: 
 
The torsional stiffness or rigidity of the fibre can be defined as the torque, or twisting force, in 
the fibre when one cm is subjected to one complete twist. Cotton stiffness affects the fibre 
bending and twisting ability during processing and use. Stiff fibres resist twisting and bending 
into yarns and their ends protrude out of the yarn, which results in a higher yarn hairiness 
(Klein, 1987a). Fibres which are less stiff (i.e. more flexible) are more easily compressed, 
leading to a lower bulkiness of the yarn, and a lower fabric drape and softer fabric handle. The 
recovery from bending (i.e. resilience) is a factor in fabric creasing, the single fibre bending 
recovery plus a small frictional restraining couple (~ 4%) providing a good indication of the 
crease recovery of cotton fabrics (Skelton, 1967). 
Fibre stiffness is dependent upon the fibre substance (bending modulus) and fibre cross-
sectionl shape and size. In general, stiffer fibres are less prone to buckle or entangle and form 
fewer neps during carding (Bargeron and Garner, 1988, Louis et al., 1961) and ginning 
(Subramanian, 1988). Long and fine fibres have a lower buckling coefficient, and in most 
cases lead to nep formation during carding (Klein, 1987b).  
 
The slender ratio can serve as an inverse measure of stiffness:- 
 
 Slender ratio   =  Fibre length 
    Fibre diameter 
 
This ratio can to some extent determine the position of the fibres in a ring spun yarn structure, 
coarse and/or short fibres tending to migrate to the yarn periphery and fine and/or long fibres 
to the middle (or core) of the yarn. 
Often, the ratio of bundle tenacity to bundle elongation is taken as a measure of fibre tensile 
stiffness. 
 
Average fibre tensile stiffness =  Breaking tenacity  x 100 
      Breaking elongation  
 
A better measure of stiffness would be the ratio between the absolute fibre strength (cN) and 
elongation, as this would allow for the substantial effect of fibre fineness on stiffness and nep 
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formation (Hunter, 2007), and to differentiate between the stiffness of fibres differing in 
fineness or cross-sectional area.  
Temperature and humidity have a pronounced influence on fibre rigidity or resistance to 
bending. At room temperature, the rigidity of a cotton fibre is six times as great in dry air as in 
a water saturated atmosphere; while at constant moisture regain, rigidity decreases as 
temperature rises. Pierce (1923) found that the mean rigidity of cotton ranged from 0.010 to 
0.111 dyne/cm
2
. The relatively high rigidity of thick-walled cotton fibres is one of the reasons 
coarse cottons must be more highly twisted than fine cottons to produce yarns of the same 
diameter (Pierce, 1923, Mauersberger, 1948). 
 
 
 
2.2.7 Fibre Friction: 
 
Fibre - to - fibre and fibre - to - metal friction can play an important role in determining cotton 
fibre mechanical processing behaviour and performance, as well as yarn quality, strength in 
particular. Raw cotton (cotton lint) fibre friction does not vary greatly in practice, being 
determined largely by the cotton wax on the fibre surface. Any wet chemical treatment, for 
example, de-waxing (Hunter, 1980), bleaching or dyeing, applied to cotton can increase the 
fibre friction, by removing the naturally occurring wax on the fibre surface and also by 
changing the surface properties. This can have a serious adverse affect on the cotton fibre 
processing behaviour and performance and may require a lubricant or softener to be added.   
Interfibre cohesion is related to the relative rigidity of the fibre as well as its ability to blend 
or mix with other fibres, and it is influenced by the surface characteristics and frictional 
resistance of the fibres (Lawrence, 2003), as well as by the fibre crimp and convolutions, 
Seshan (1978) finding a correlation between fibre friction and convolution angle. Shear 
friction is also correlated with fibre fineness, tenacity, length and stiffness (Hertel et al., 
1969), cottons with low shear frictional values to giving better running performance. Merkel 
(1963) found that the coefficient of friction of single fibres against cotton-covered cylinders 
increased steadily with speed. Cotton fibres with low shear frictional values and high recovery 
from compression card more efficiently, being more easily transferred from cylinder to doffer, 
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thereby reducing the cylinder load and providing a good carding action (Simpson and Fiori, 
1974). The behaviour of fibres during drafting is also influenced by the frictional 
characteristics of the fibres (Morton and Hearle, 1975). Rapid changes in cotton fibre 
frictional properties occur above 65% RH, and are partly responsible for the increased end 
breakages observed when spinning at RH levels above 65% RH (Belser and Taylor, 1969). 
The poor spinning performance of cotton at high relative humidity (>65% RH) is partly 
explained by Figure 2.12 (Ewald, 1975). 
 
 
 
Figure 2.12: Effect of relative humidity (RH) on shear friction and dielectric 
constant (Ewald, 1975) 
 
Frictional values tend to increase with processing up to the carding stage (possibly due to 
fibre damage) after which they tend to decrease, processing tending to smooth the cotton 
fibres and remove damaged ones, thereby reducing the average fibre friction (Belser and 
Taylor, 1969). The dualistic nature of the influence of friction on textile processing has been 
illustrated by W.L. Balls‟ paradox (1928): Up to the front mule roller, cotton must be 
slippery; afterwards it must be sticky. 
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2.2.8 Trash and Non-Lint Content of Cotton: 
 
 
Cotton Grade is determined subjectively by a composite rating of colour, foreign matter and 
ginning preparation (Luan, 1959). In addition to usable fibres, cotton lint contains foreign 
matter (impurities) that can lead to extreme disturbances during processing. Foreign matter, 
such as husk portions, leaf fragments, seed coat fragments, motes, bark from the cotton plant, 
sand, dust and packing material etc, make up the non-lint component in lint cotton.  
During harvesting and ginning, cotton seeds are broken to a greater or lesser degree 
depending upon the severity of the mechanical action (Watson and Helmer, 1964, Perkins, 
1971), resulting in seed coat fragments finding their way into the cotton lint. A seed coat 
fragment may be defined as that part of the cotton seed that is broken from either a mature or 
immature seed during mechanical processing. A “mote” is a whole undeveloped seed, of any 
size or age, covered with fuzz and short fibres, certain of which bear mature lint fibres 
(USDA, 1978). One study found that motes, i.e. seed fragments clinging to the fibres, 
constitute a major portion of the trash, accounting for 40 to 75% of the total (Anon., 1977). 
The nature of the trash may be as important as its mass in determining grade (USDA, 1978). 
According to the International Textile Manufacturers Federation (ITMF) in Zurich, 
Switzerland, the following classification can be used for particles found in cotton (Schenek, 
1990a):  
 
  Particle type    Particle size (µm) 
  Trash     above 500 
  Dust     50 – 500 
  Microdust    15 – 50 
  Respirable    below 15 
 
   
The type of trash, as well as the quantity of trash is important in determining processing 
behaviour and performance (Hunter, 2007). For example, vegetable matter, such as seed coat 
fragments, can lead to drafting disturbances, yarn breaks etc. or trash particles, while dust and 
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microdust have an adverse effect, especially on rotor and air jet open-end spinning systems. 
Microdust build-up in rotor grooves or jet nozzles prevents optimal performance. Mineral 
matter can cause deposits and high wear rate in machines (grinding effect, especially apparent 
in rotor spinning), the newer spinning processes being very sensitive to foreign matter.  
 
Cotton contamination is becoming steadily more serious from year to year. The ITMF Cotton 
Contamination Survey 2007 shows an increase of 60% (level of contamination rose from 14% 
to 22%) from 1989 to 2007. This steady increase is due primarily to modern high performance 
harvesting methods; hard ginning and cleaning; pre-drying; careless handling during 
harvesting and packing. Cotton can contain as much as 18% trash, although in most cases, it 
lies between about 1 and 7%. Fragments larger than 5mm are removed readily during ginning, 
almost none remaining after two lint cleaners. More than two lint cleaners during ginning are 
not recommended because the associated fibre breakage offsets any slight cleaning effect 
(Mangialardi and Shepherd, 1969).  
 
Higher trash levels are both directly and indirectly related to waste, the removal of trash being 
associated with both fibre breakage and the removal of fibres as waste, as well as nep 
formation, this is largely due to the fact that the higher the trash content the greater the 
number of cleaning points during ginning and opening (Hunter, 1980). One study indicates 
that 80% of disturbing particles in card sliver consist of seed particles with fibres attached 
(Selker, 1994).  
 
For all yarn types, non-lint content can also affect appearance, evenness and defect levels 
(McCreight et al., 1997). Several studies have found that between 58 and 100% of carded ring 
spun yarn imperfections, classified by Uster Evenness Tester as neps and short thick places, 
were caused by trash (Mirvalle et al., 1986, Frey and Schleth, 1994, Bocht, 1994a). According 
to other research, cotton contamination contributes 30 to 40% to Uster thick places and 40 to 
50% to Classimat B faults (Bailey, 1994, Gupta et al., 1985, Bocht, 1990). A study by Hequet 
and Frydrych (1992a) confirmed a good relationship between seed-coat fragments and Uster 
total yarn neps, for both sticky and non-sticky cottons (See Figures 2.13 and 2.14). 
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Figure 2.13:  Relationship between seed-coat fragments and total yarn  
          neps for sticky cottons (Hequet and Frydrych, 1992a) 
 
 
              
Figure 2.14:  Relationship between seed-coat fragments and total yarn 
neps for non-sticky cottons (Hequet and Frydrych, 1992a) 
 
Other studies found that seed-coat fragments account for a high percentage of the A-type 
Classimat faults and also Uster yarn neps (Moharir et al., 1982, Kerby et al., 1984, Bargeron 
and Garner, 1988). Seed-coat fragments are reportedly the cause of 30% of all end breaks in 
the rotor spinning process (Leifeld, 1988). Fabric appearance can also be adversely affected 
by trash not removed during processing. 
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2.2.8.1   Trash Content Measurement: 
 
ASTM Method Designation D2812, Non-Lint Content in Cotton, mentions various 
instruments available for making non-lint measurements, e.g. the Shirley Analyser and SRRL 
Non-Lint tester, HVI fibre testing system, of which the SRRL is not in general use and very 
few units exist in industry.  
The modern Shirley Analyser principle of non – lint measurement is based on the mechanical-
pneumatic separation of non-lint and lint. Gravimetric measurements must be made on the 
separated non-lint particles to obtain the percentages of the various sized particles (McCreight 
et al., 1997). The deposit (dust) found in the rotor of an open-end spinning machine consists 
essentially of fragmented parts of the cotton plant and resembles the trash eliminated by the 
Shirley Analyser. The hard trash removed during the second passage of cotton through a 
Shirley Analyser correlates very well with rotor deposits (Van Alphen, 1978). 
 
The HVI fibre testing system scans the surface of the cotton sample in a few seconds and 
determines the number (count) of trash particles and the proportion of the sample surface (% 
area) covered by trash particles. From these values, a contamination code, similar to the 
USDA standards can be derived.  
 
The Advanced Fibre Information System, Trash (AFIS-T) electro-optically measures the total 
amount of visible particles in cotton (Schenek and Schleth, 1992, Schenek et al., 1993) in 
terms of the number and size of particles of foreign matter, dust and trash. The data available 
from the AFIS-T include combined trash and dust particle count per gram, mean size of trash 
and dust particles in microns (µm), dust particles per gram, trash particles per gram, and the 
calculated gravimetric total visible foreign matter (VFM). The user can also obtain a graphic 
output of results and various statistical values, such as mean, standard deviation, CV etc. 
ITV or MDTA developed by researchers in Germany is another instrument which is very 
accurate for measuring lint content, trash level, fibre fragments, and microdust less than 40 in 
size. The testing time of 20 minutes required per sample is, however, a drawback for this 
instrument (McCreight et al., 1997). 
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The following table shows an approximate relationship between the grade and Shirley 
Analyser average non-lint content for American Upland cotton (USDA, 1978): 
 
 
Approximate Relationship between Grade and Shirley Analyser Non-Lint Content  
American Upland 
Grade 
Code Average Non-Lint Content 
(%) 
Strict Middling 
Middling 
Strict Low Middling 
Low Middling 
Strict Good Ordinary 
Good Ordinary 
21 
31 
41 
51 
61 
71 
1.8 
2.2 
3.0 
4.2 
5.4 
6.7 
 
   
 
The following scale, given by Trutzschler, represents the degree of contamination in 
American cotton (Klein, 1987b): 
 
Up to 1.2%  Very Clean 
1.2 – 2.0%  Clean 
2.2 – 4.0%  Medium 
4.0 – 7.0%  Dirty 
7.0% and above Very Dirty 
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2.2.9 Stickiness: 
 
Stickiness refers to the tendency for cotton fibres to adhere (stick) to processing machinery, 
rollers in particular. Cotton stickiness may be caused by many different factors, including 
excessive quantities of plant sugars on immature fibres, honeydew (a sugar-containing sap 
secretion from insects, such as aphids or whiteflies), high wax levels or even additives or 
contaminants (e.g. pesticides or oil), honeydew being the most serious. Cotton-seed oil, from 
seed-coat fragments and seed motes, could also be related to stickiness problems (Hunter, 
1980). The severity of a stickiness problem will depend on the type, level and nature of the 
stickiness, and also on the ambient conditions (humidity) (Lawrence, 2003). Stickiness leads 
to disruptions during carding, drawing, and spinning, and results in the production of a more 
irregular yarn and also an increase in nep levels (Hequet and Frydrych, 1992a, b). Sticky 
cotton causes roller lapping during the spinning process. It can have a large adverse effect on 
processing performance, during both ring and rotor spinning (Hunter, 2007). It has been 
reported (Anon., 1993), that there is a definite relationship between seed-coat fragments and 
stickiness. Cotton can cause roller lapping when the wax exceeds 0.6% and the sugar 0.3% 
(Perkins, 1970). Low micronaire or immature cotton fibres normally contain more sugar 
sometimes as high as 0.8 to 0.9%, than mature ones, with sugar content in cotton decreasing 
as the fibre matures (Nickerson and Tomaszewski, 1958, Wyatt, 1976). 
 
Reducing – sugar tests or High Performance Liquid Chromatography (HPLC) may be used to 
screen cottons for high levels of plant sugar contamination, cottons with reduced sugar levels 
of less than 0.3% mostly processing without difficulty (University of Arizona, 1999).  
There are three commercially available instruments for testing stickiness (Schenek, 1990b, 
Schenek, 1994), the Mini-card (MC), the High-speed Stickiness Detector (H2SD), and the 
Fibre Contamination Tester (FCT). With the Mini-card device, a web of fibres is passed 
between stainless steel rollers, and the degree of stickiness is rated on a scale of 0 to 3, where 
0 represents no stickiness and 3 represents a severe level of stickiness. The H2SD uses image 
processing to measure the number of sticking points and the point size distribution on heated 
aluminium plates between which the cotton sample has been pressed. The FCT also measures 
sticking points, but on pressure rollers after a thin web has passed between them, and in a 
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conditioned environment of 65% RH. A laser beam is used to scan the contaminated rollers to 
allow the sticking points to be counted. The H2SD and FCT are fairly rapid tests, taking only 
about 30 and 45 seconds per test, respectively. 
 
 
 
2.2.10   Nep Content:   
 
There are various definitions of a nep. The American Society for Testing and Materials 
(ASTM, 1999) defines a fibre nep as “a tightly tangled knot-like mass of unorganised fibres”, 
a fibre nep often resulting from the processing of cotton. In most cases, fibre neps consist of at 
least five or more fibres, the average number being 16 or more (Herbert et al., 1988). In 
general, however, two types of neps in cotton can be distinguished; fibre (or fibrous) neps and 
seed-coat neps. Fibre neps predominate, mostly having a core of unripe (immature) and dead 
fibres. A seed-coat nep is a knot that consists of fibres containing foreign particles, such as 
husk, seed or leaf fragments (Artz and Schraeiber, 1978). 
Very few neps, if any, occur on the cotton seed, whereas neps occur in all ginned cotton 
(Orcutt and Wakeham, 1953). Mechanical operations or actions, such as machine picking, 
handling, drying, cleaning, ginning, lint cleaning and particularly carding, produce neps 
(Marth et al., 1952a, Shepherd, 1958). Fibre characteristics and processing conditions, such as 
over-drying and over-cleaning, card setting and card production rate, all affect nepping 
potential (Harrison and Bargeron, 1986). 
 
Research into the relationship between nepping potential and fibre properties (Gantra et al., 
1982) has shown that fine fibres and immature fibres have a tendency to be formed into neps 
during any mechanical action, such as during ginning and carding. There tends to be an 
invrese linear relationship between micronaire and nepping potential of cotton during 
processing, nep formation decreasing with increasing micronaire, the nep level in yarn also 
being significantly correlated with the amount of immature fibres in the lint. 
Neps are serious defects, and during spinning can rise to the surface of the yarn and detract 
from the appearance of the yarn. In yarns, neps are small specks, consisting often of a tangle 
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of immature fibres (Prentice, 1972). Neps also limit the finest yarn that can be spun, while 
removing them during yarn manufacturing increases the amount of waste generated 
(McCreight et al., 1997). In spinning, neps can interfere with drafting and cause end breaks. 
Neps also detract from the appearance of dyed or printed fabrics, since they absorb dyes and 
reflect light differently and appear as light spots (white flecks or specks) on the finished 
material (Rouse, 1954) due to the presence of immature fibres.  
In 1953 the American National Standards Institute introduced a test method for determining 
the number of neps/100 inch
2
 of card web using a counting method. This was replaced by a 
method involving manual counting using a perforated plate. These two methods were time 
consuming and very subjective. In 1978, a new test method was developed by ASTM for 
analysing cotton samples for nep content. The method was similar to the previous method, 
except in this method the web was compared to photographs of standard cotton specimens, 
this still being quite subjective (Booth, 1968, McCreight et al., 1997). 
 
The work by Shofner and Schafner Technologies Incorporated, Knoxville, USA, in 1988 led 
to the development of the Advanced Fibre Information System for Neps (AFIS-N), with 
further modules being added later. The data available from the AFIS-N instrument include 
nep count per gram, nep diameter in microns, coefficient of variation of nep count and a 
histogram of the nep diameters. With the AFIS-N, the results are obtained within 3 minutes. 
The reduction in the testing time compared to the ASTM method is about a factor of 50 for 
raw cotton from a bale and by a factor of about 25 for sliver samples from the card or 
drawframe (Frey, 1990b, Furter and Frey, 1990, Frey, 1990a). Figure 2.15 shows the 
correlation between the AFIS-N results and those obtained using the ASTM method 
(Verschraege, 1989, Sasser and Hinkle, 1988) on card webs. 
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Figure 2.15:   Correlation between AFIS nep count and card web  
                       nep count (Verschraege, 1989) 
 
Tests undertaken in 1991 at different laboratories showed that the inter-laboratory CV of the 
AFIS-N measured neps on card mat material is ±2.2%, and for card sliver ±6.8% (Schleth, 
1994). Neps in yarns are measured on yarn evenness testers, for example the Uster, where the 
yarn is passed through capacitors and the changes in capacitance are analysed to produce 
values for the number of neps of certain pre-determined sizes. 
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2.2.11 Colour: 
 
Colour, along with trash and preparation, is one of the primary factors determining cotton 
grade, and has an effect on dyeing and colour, if not removed by bleaching. Normally cotton 
is white in colour when the bolls first open, except for naturally coloured or pigmented cotton. 
Continued exposure to weathering and micro-organisms can cause this white cotton to lose its 
brightness and become darker. Under extreme conditions of weathering, the colour may 
become a very dark bluish grey. Cotton affected by frost or drought may have a yellow colour 
that varies in depth. Spotted cottons could be from insects, fungi, or soil stain (McCreight et 
al., 1997). 
Exposure to field weathering can greatly affect the cotton fibre, thereby affecting the 
Classer‟s grade. Wetting and drying cycles, after the boll opens, are believed to have the 
greatest effect on the fibre colour (Barker and McCledon, 1976). Cotton from bolls which 
opened after frost may be yellow, and if unpicked cotton remains in the field for a long time it 
becomes duller and darker in colour (Munchi, 1975). Part of cotton colour is also due to 
carbohydrates and proteinaceous materials left in the residue of the protoplasm when the 
fibres are suddenly killed by frost, insects or other causes. Colour can, in some cases, 
therefore also be related to fibre immaturity and low micronaire values (Berkley et al., 1954).  
Cotton colour can also deteriorate during storage (Nickerson and Tomaszewski, 1958), with 
immature cottons yellowing faster than mature cottons (Berkley, 1957). All cottons tend to 
turn yellow, particularly if stored under warm and wet conditions. The presence of sugar and 
protein materials or certain fungul growth on cotton under warm and wet conditions (Munchi, 
1975), may be responsible for this discolouration. A moisture content of 8% or less is 
generally recommended for cotton storage (Sankov, 1978) to avoid, or at least minimise, a 
deterioration in cotton colour. 
 
The traditional classers method of colour determination is still used in industry and is 
included as part of the official USDA classification (Lawrence, 2003), although colour is 
increasingly being measured by colorimeter, such as the Nickerson-Hunter Colorimeter, in 
terms of the reflectance and degree of yellowness (Munchi, 1975). HVI measurement of 
colour (colorimeter colour filter method) provides accurate and repeatable measures of 
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average greyness and yellowness (Hunter, 1990). For grading purposes, the colour of cotton 
samples is usually determined in terms of two parameters; degree of reflectance (Rd) and 
yellowness (+b). Degree of reflectance (Rd) indicates the brightness or dullness (degree of 
greyness) of the sample, and yellowness (+b) the pigmentation level in the fibres. There are 
generally five recognised groups of cotton colour; White, Grey, Spotted, Tinged, and Yellow-
stained. A three digit colour code is used. The colour code is determined by locating the point 
at which the Rd and +b values intersect on the Nickerson-Hunter cotton colorimeter diagram 
for the cotton variety (Lawrence, 2003, Munchi, 1975), as illustrated in Figure 2.16. 
 
 
 
 
Figure 2.16 : Nickerson-Hunter Chart (Lawrence, 2003) 
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In 1998, the USDA HVI Colour Conversion Chart was adjusted to more closely match the 
Classer Colour Grades. Because the USDA Colour Grades and Charts are not always suitable 
for cottons produced in other countries, there have also been attempts to develop country 
specific HVI Colour Grades and charts (Hunter and Spies, 2002). 
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CHAPTER 3: 
 
LITERATURE REVIEW ON THE EFFECT OF COTTON PROCESSING  
ON FIBRE CHARACTERISTICS AND YARN QUALITY 
 
3.1 INTRODUCTION 
 
One of the main objectives of this chapter is to explore the application of the yarn dismantler 
in tracking changes in cotton fibre properties from lint to yarn. This chapter therefore reviews 
published literature relevant to this aspect of the present study, namely changes in cotton fibre 
properties from field to yarn, and the consequences of such changes. 
 
  
3.2 COTTON HARVESTING 
 
Harvesting is defined as the picking or removing of the opened cotton bolls from the plant. 
Harvesting is done either manually by hand picking or mechanically by machine picking, the 
different methods impacting significantly on the seed cotton characteristics, and therefore also 
on the cotton lint quality and processing performance. Two types of mechanical harvesting 
equipment are used, the spindle-picker and the stripper-harvester. The former is a selective-
type harvester, employing revolving tapered, barbed spindles to remove essentially the seed 
cotton from the bolls and can be used for multiple picking of cotton bolls as they open. The 
second type, i.e. stripper-picker, is a non-selective (once-over) harvester that employs either 
fingers or brushes to remove well opened bolls as well as cracked and unopened bolls, 
together with burrs and other plant materials, from the stalk, which means virtually all the 
cotton bolls, from the bottom mature to the top immature ones, are simultaneously harvested. 
This can result in a wide micronaire and maturity distribution of the seed cotton, and 
eventually also in the bale. The average micronaire of stripper picked cotton is almost always 
lower, and micronaire variation generally greater, than that of the corresponding spindle-
picked cotton. One reason for this is that the spindle-picker is generally not able to pick the 
cotton from partially opened or unopened immature bolls, which are harvested by stripper-
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pickers, the associated immature fibres being a potential source of short fibres (Behery, 1993), 
and other problems. Immature cotton bolls can create problems during ginning, and stripper-
harvested cottons are often ginned separately (Wakelyn, 1972). Mechanically harvested 
cotton is generally far more contaminated than hand-picked cotton (Gutknecht, 1978, Arnold, 
1969), and during the ginning process requires increased beating, before and after separation 
of fibres, which leads to higher levels of neps and short fibres. Hand-picked cotton generally 
processes better than machine-picked cotton, with neps and end breakage during spinning 
increasing with increased gin cleaning (Grant et al., 1963). Compared to stripper-picked 
cotton (Garner et al., 1978), spindle-picked cotton has a longer staple length and  better length 
uniformity, higher strength and  micronaire, and also produce better quality yarn (e.g. lower 
yarn irregularity, higher yarn appearance index and higher strength), with fewer end breaks in 
spinning.  
In one study (Aldrich, 1973), it was found that machine-picked cotton contained 42% more 
trash than hand-picked cotton, and subsequently produced 37% more waste in processing up 
to carding. It also proved more difficult to remove the trash from the machine-picked cotton 
during blowroom processing. The machine-picked cotton, with initially similar fibre 
characteristics to the hand-picked cotton, ended up 0.9mm shorter in length than the hand-
picked cotton, the card sliver from the machine-picked cotton containing twice as many neps 
as that from the hand-picked cotton. The difference in nepping potential was also reflected in 
the neppiness of the yarns. For finer counts (15 and 25 tex), the breaking strength of yarn spun 
from machine-picked cotton was lower than that of the yarn spun from the hand-picked 
cotton. Another study found that mechanical harvesting resulted in up to 30% more neps than 
hand-picking prior to ginning (Aron and Alexander, 1978). 
If the cotton is machine-picked too wet – over 12% moisture content , which may happen in 
the early morning or late afternoon, and is stored for any length of time, it will result in 
spotted or yellow-stained fibre, since,  unlike the hand-picked cotton, there is generally no 
way to dry it until it goes into the gin (Becher, 1974). This in turn can produce dyeing and 
other colour and appearance related problems. 
Early season picking has been found to produce the strongest yarns, followed by the middle 
and then the late season, due to the late season cottons generally being shorter and finer 
(Cook, 1956). Poorer fibre length uniformity may occur when the grower waits with picking 
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until all the bolls have opened, since upper bolls of the plants, which as a rule open last, have 
a shorter staple length than the lower bolls of the same plant, which open first. The picking 
and ginning processes have no influence on the fineness of the fibre, but if defoliation is 
applied too early, some of the bolls (especially the upper ones) will open prematurely, 
resulting in immaturity (Becher, 1974). The following figures illustrate fibre length and 
micronaire differences which can occur between the first and second picking (Becher, 1974). 
 
Fibrograph 2.5% Span Length (mm)   Micronaire 
  First Picking  Second Picking First Picking Second Picking 
Acala 1517      28.96       26.67       3.7        2.7 
Acala 4-42      27.43       26.42       4.2        3.4 
Acala S.J. 1      28.19       26.92            4.2        3.3 
 
 
 
3.3 GINNING 
 
Ginning is a process that removes cotton fibres (lint) from the seed and prepares it to be sold 
as a commodity. This makes ginning an essential step in converting the harvested seed cotton 
to useable cotton lint for the spinning mill. 
 
 
3.3.1 Seed Cotton Preparation 
 
The seed cotton preparation process prior to the actual ginning, consists of drying, cleaning 
and extracting, and has an influence on fibre length characteristics as well as on nep formation 
during carding (Perkins and Bargeron III, 1980).  
Seed cotton drying is done mainly to prevent gin blockages and rough preparation of lint, by 
reducing the moisture content of the cotton to levels (5 to 8%) which will facilitate ginning. 
Cotton that has not been dried properly is difficult to gin and not easy to clean (Doraiswamy 
et al., 1993, Anon, 1983). Excessive seed cotton drying, however, leads to a reduction in fibre 
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length and an increase in neps due to fibre breakage during ginning, resulting ultimately in a 
reduction in yarn strength and appearance (Doraiswamy et al., 1993, Rutherford et al., 1991). 
Mechanically picked seed cotton generally comes to the gin containing more moisture than 
hand picked cotton and has to be dried in order to enable proper cleaning during ginning. 
Fibre breakage in the gin is closely associated with the drying and cleaning conditions (Grant 
et al., 1963). Hot air is used for drying – the temperature of which may rise to as high as 
232ºC at the impact point of the air with the cotton (Becher, 1974). To prevent fibre damage, 
the temperature in the drying system should be kept below 180ºC (Anon., 1993, Anthony, 
1994, Anon., 1977). 
Studies of undried, moderately dried and excessively dried (185ºC) cottons of average 
characteristics, by Grant and Merkel (1958), have shown that excessive drying prior to 
ginning and cleaning can decrease the mean fibre length of the ginned lint by as much as 5% 
and at the same time increase short fibres by 8 to 10%, probably due to the fact that hot, dry 
fibres can experience a temporary reduction in strength of up to 20% compared with that of 
unheated fibres (Nelson et al., 1959). They showed that drying had a larger effect on nep and 
short fibre content (SFC) levels for hand-picked than for machine picked cotton. 
Mangialardi (1985) concluded that the amount of seed cotton cleaning and extracting 
machinery used to process cotton at the gin has only a minor effect on fibre properties and 
spinning performance, although certain studies found that an additional seed cotton cleaner, 
increase card web neps significantly, but not necessarely spinning end breakage rates 
(Sanderson, 1985, Anthony, 1982). 
 
 
 
3.3.2 Gin Stand: 
 
The various mechanical actions associated with the ginning process, impose forces, varying in 
nature and magnitude, on the cotton fibres, the main being the tensile ones required to detach 
the fibres from the seed. In the process, not only are the fibres detached from the seed, which 
is the main objective, but fibres can also be broken, particularly where the force required to 
detach the fibres from the seed exceeds the fibre strength, fine and immature cotton fibres 
tending to break more readily in such cases (Grant et al., 1963).    
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Ginning is essentially performed with two different types of machines (Gutknecht, 1978), 
namely Roller Gins and Saw Gins. Roller ginning is a slower and gentler process than saw 
ginning and is normally used for ginning long-staple cotton, the saw gin not being very 
suitable for ginning extra long staple cottons (Shete and Sundaram, 1974), and is used mainly 
for ginning medium and short-staple cottons, typically American Upland and related cottons. 
When the same cotton is ginned on both machine types, different fibre lengths with different 
length distribution curves are obtained. The roller gin grips the fibres and separates them from 
the seeds more gently compared to saw ginning. This results in roller ginned cotton being 
slightly longer, with better length uniformity and lower nep levels than saw ginned cotton 
(Gutknecht, 1978, Hughs and Leonard, 1986, Hughs and Lalor, 1990, Williams and Towery, 
1945). Lord (1964) reported that the mean fibre length of roller ginned cotton is 86% that of 
the hand detached fibres.  
Saw gins generally produce more short fibres and neps, lower Pressley values, lower 
micronaire (because the cotton is cleaned), and less trash and yellowness, but improved 
brightness (better colour) than roller gins. Yarn produced from roller ginned cotton has a 
better appearance (Harmancioglu, 1979), than that produced from saw ginned cotton, while 
the saw gin produces better fibre blending than the roller gin (Lord, 1956). The cleaning of 
cotton in the gin down to a trash content of 1.5 - 2% would appear to benefit the spun yarn 
(Schlichter et al., 1995, Shete and Sundaram, 1974). Recent improvements in the roller 
ginning technology have resulted in higher speed and output roller gin stands, with production 
rates comparable to those of saw ginning, and which produce longer staple lengths and fewer 
short fibre and neps, but with more foreign matter (Armijo and Gillum, 2007).  
Cage ginning, a relatively recent development by Lummus, produces fewer neps (e.g. 17% 
fewer) , less short fibres and a lower percentage of visible trash than saw ginning (Jonston et 
al., 1994, Mayfield, 1989, Von Doorn, 1994, Rozelle, 1995), but has not yet been 
commercially accepted to any significant extent.  
 
Fibre moisture content is the most important single factor affecting ginning, the length 
characteristics of cotton and its subsequent manufacturing performance and yarn quality 
(Nelson et al., 1959). Research has demonstrated the detrimental effect of the combination of 
heat and lint cleaning on cotton fibre length properties, by comparing heat and two lint 
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cleaners with no heat and one lint cleaner (Perkins and Bargero III, 1982). As mentioned 
previously, excessive drying of cotton prior to ginning can cause a deterioration in spinning 
performance (Leitgeb and Wakeham, 1954), due essentially to the adverse affect on cotton 
fibre length properties resulting from the associated fibre damage and breakages. Damp cotton 
is very difficult to gin (Wigington, 1941), the recommended minimum moisture content of 
cotton prior to ginning being 5% (Leitgeb and Wakeham, 1954), although 6 to 8% is generally 
recommended as the best moisture content range for ginning (Baker, 1968). Ginning cotton 
with a moisture content below 5% can cause serious cotton damage and fibre breakage, while 
ginning cotton with a moisture content above 8% may produce rougher lint, decreased gin 
production and less effective cleaning (Anon., 1983, Mayfield, 1988, Mangialardi, 1992). 
Increasing gin drying can increase card web neps, yarn neppiness, and also end-breaks during 
ring spinning (Sanderson, 1985, Grant et al., 1963). It is therefore clear that heat and drying 
levels, as well as cleaning, during ginning need to be optimised in order to produce cotton of 
the best quality. 
 
 
 
3.3.3 Lint Cleaning: 
 
Lint cleaners remove leaf particles, motes, stems, bark, seeds, fine trash, sand and dust and 
improve the grade of cotton (Anon, 1983). Saw-type lint cleaners are the most commonly 
used, and should always be followed by Air-Jet type lint cleaners (Doraiswamy et al., 1993). 
Lint cleaners lead to reduced card room dust levels, and residue build up in open-end spinning 
machine rotors, although an increase in the number of lint cleaners reduces fibre length and 
length uniformity and increases nep levels, irrespective of gin type (Herbert et al., 1986, 
Cooke et al., 1985). Lint cleaning, during ginning causes a slight, but consistent, decrease in 
micronaire after one, two and three stages of lint cleaning, it being suggested that the reason 
for this is the removal of foreign matter (Mangialardi, 1975). Another study found that using 3 
stages of lint cleaning instead of 2, doubled nep levels, and increased short fibre content 
(Anthony et al., 1986). A study by Baker et al. (1977) indicated that, for stripper-picked 
cotton to achieve an acceptable ginning performance, maximum producer returns and 
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satisfactory end-use performance of the lint, two extractors, two inclined cleaners, and one 
air-line cleaner represent the best combination and sequence of cleaning machinery. 
An increase in saw speeds and combing ratios during ginning increases short fibre content, 
length variation and nep formation (Mangialardi, 1968, 1970, Baker and Brashears, 1989), 
due to the increased mechanical actions and forces on the cotton. 
Results reported by different researchers (Burley, 1959, Newton et al., 1965, Newton et al., 
1966), indicated that excessive use of cleaning equipment at the gin significantly decreases the 
spinning performance of cotton, each additional lint cleaning stage being associated with a 
decrease in fibre length and reduced spinning performance of the cotton. The average 
cleaning efficiency of two stages of saw-cylinder lint cleaning is roughly 35% per cleaning 
unit, it being greatly affected by the initial foreign matter content of the cotton and the 
location of the cleaning unit in the sequence, the first lint cleaner being more efficient 
(Mangialardi, 1979). 
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3.4. BLOWROOM OPENING AND CLEANING 
 
After the production of cotton by the gin, the next stage in the processing of cotton is 
popularly referred to as cotton spinning, commencing with opening and cleaning and ending 
with the spinning of the yarn. 
Opening of the cotton, which follows the ginning stage, is carried out in two different ways. 
The first is the breaking up of the larger fibre tufts into several smaller and lighter tufts, so as 
to create new surfaces, and the second is the opening up of the individual tufts to increase 
their volume (with tuft weight essentially remaining the same). This is necessary to facilitate 
the removal of trash and dust and the further processing of the cotton. A normal cleaning line 
removes only about 40 to 75% of the trash and dust present in the cotton lint. The removal 
rate of trash and dust depends on the type and nature of the raw material, the machinery 
employed and the ambient conditions (Klein, 2000) (see Figures 3.1 & 3.2). 
 
 
Figure 3.1:  Degree of cleaning (A) as a function of trash content (B)  
                    of the raw material (Klein, 2000)  
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Figure 3.2:  Effect of the number of cleaning machines in a blowroom line  
 on the degree of opening (Klein, 1994)
 
  
 
Figure 3.2 shows that a fourth or fifth cleaning step in the line has only a marginal effect on 
the over-all cleaning efficiency (Klein, 1994). Nevertheless, increasing the number of cleaners 
from two to three has a significant impact on fibre loss and quality as illustrated in Figure 3.3 
(Schneider, 1991). 
                               
     Figure 3.3:  Fine Cleaning: Two cleaning stages versus three (Schneider, 1991)  
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The degree of cleaning always has to be optimized, rather than maximized, since the fibre 
quality (short fibres and neps) as well as fibre losses are always negatively affected by 
maximum trash removal (Figure 3.4) (Klein, 1994). 
 
 
Figure 3.4:  Range of optimal working intensity 
 
Cotton contains between 1 and 7% trash in most cases. To clean the material adequately, it is 
unavoidable to remove at least as much fibre as waste (Klein, 2000). The simultaneous 
removal of fibres increases by more than 240% when the amount of waste removed is doubled 
in the blowroom from 0.6 to 1.2%, whereas only 41% more trash is extracted (Siersch, 1981). 
 
Figure 3.5 shows the cleaning performance diagram for a test material with a trash content of 
4%. This diagram is based on work done by Faas (1991), Schneider (1991) and Leifeld 
(1993).  
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   Fig. 3.5:  Cleaning-performance diagram (Leifeld, 1993) 
 
The opening and cleaning process generally contributes most to the formation of neps (Furter 
and Douglas, 1991). A too intensive  beating action and too many beaters, as well as too high 
a feed to the beaters, all cause fibre breakage and encourage the formation of neps (Sharieff, 
1980, Schneider, 1995). Kirschner type beaters generally have a less damaging action than the 
triple bar beaters, and result in the formation of fewer neps and short fibres (Bogdan and 
Feng, 1952). For minimal fibre damage and fibre loss, most machinery makers advocate and 
install shorter blowroom lines, with an improved design capable of intensified cleaning and at 
the same time, gentler treatment (Bodi, 1990, Jon, 1995). 
Excessive speed of transport fans in air fibre transport, by piping and slow moving conveyors, 
can influence nep levels (Schneider, 1995). Different studies concluded that if minimum 
cleaning is done at the gin, the modern opening and cleaning installation line in the spinning 
mill will be able to cope with the additional cleaning required (Bel et al., 1991, Noick et al., 
1998, Lalor, 1992). Figure 3.6 shows the results of a trial conducted by U.S.D.A/Trutzschler, 
and which showed that there was no real difference in nep content, hairiness and uniformity in 
fibre and yarn evenness tests between cotton normally ginned (having 2% trash content) and 
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that ginned with limited cleaning (having 11% trash content) processed through a modern 
blowroom (Schlichter et al., 1995). 
 
 
Figure 3.6 :  Cleaning behaviour of low and high trash cotton (Schlichter et al., 1995) 
 
3.4.1.   Opening Intensity 
 
The opening action of a beater is referred to as its intensity of opening, which can be defined 
as the amount of fibrous mass in milligrams per one strike of a beater for a preset production 
rate and beater speed (Szaloki, 1976). Thus : 
I =     P x 10
6
      
         60 x nb x N 
 
Where      I = Intensity of Opening (mg)  nb = Beater Speed (rpm) 
     P = Production Rate (kg/h)  N = Number of Strikes 
 
 
Table 31gives examples of I values for commonly used beaters. The intensity of opening 
provides an estimate of the tuft size produced by a given beater. 
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Table 3.1:  Examples of Opening Intensity (I) of different opening beater types 
 (Lawrence, 2003) 
Beater Type Description Intensity of Opening (I) 
mg/strike 
Buckley 
 
A blade beater that may be used in the 
early stages of opening. The number of 
blades varies from 20 to 32. 
Typically, tuft sizes can be 500 
to 600mg (initial opening) or 85 
to 100mg. 
Kirschner 
 
This has three arms with wooden lags, 
each 11cm wide. Each lag contains 
1000 pins, 10mm long. 
Tuft size: 5mg. 
 
Saw-tooth 
 
Usually, 1m x 38cm diameter, with a 
tooth density of 2 per cm
2
.   
Tuft size: 0.88mg. 
 
 
The I value gives an indication of the degree of treatment, in that the more blows per kilogram 
of material, the smaller the tuft size and the more trash that is likely to be removed. 
Cleaning efficiency (CE) can be defined as the percentage of the impurities removed from the 
fibre mass (Lawrence, 2003). 
 
 CE = Win – Wout  x 100   
        Win 
 
Where:   Win and Wout  =  Respective mass values of impurities in the fibre at the input to, and 
output from, a machine or a sequence of machines, respectively. 
 
 
During mechanical cleaning, some unavoidable fibre loss takes place. The Effective Cleaning 
(EC) value of a machine or sequence of machines takes this fibre loss into consideration and 
is given by: 
   EC = (WT – WF) 100 
             Win   (Lawrence, 2003) 
 
Where: WT = Mass of waste 
  WF = Mass of fibre in the waste 
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3.5 CARDING 
 
The degree of cleaning achieved by the modern card falls typically within the range of 85 to 
95%. Thus, the over-all degree of cleaning achieved by the blowroom and the carding 
together can be as high as 95 to 99%. The card sliver, however, normally still contains 
between about 0.05 and 0.3% of foreign matter. Removal of foreign matter at the card occurs 
mainly in the region of the taker-in, while a small percentage of foreign matter is carried 
along with the flat strippings  (Klein, 2000). 
 
Figures 3.7 and 3.8 illustrate how the trash level in the sliver decreases, as the taker-in speed 
increases, while the undercard waste increases with increased taker-in speed. Over the 
cylinder speed range of 300 to 600 rpm, the trash content can be reduced by more than 50%, 
depending on the taker-in speed, but this may also be associated with more fibre breakage. 
The removal of neps and trash improves with carding intensity, hence the cylinder and flat 
speeds are important factors to consider during carding (Lawrence, 2003). The impurity 
content of cotton slivers increases almost linearly with carding production rate (Van Alphen, 
1980). 
 
  
       
Figure 3.7:  Trash content in card sliver vs increased taker-in speed (Lawrence, 2003) 
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Figure 3.8:  Card waste vs increased taker-in and cylinder speeds (Lawrence, 2003) 
 
Leifeld (1995)
 
reported that the average reduction in the number of neps by carding is 
between 60 and 70%, while Uster Product News (Anon.) regards 70%  nep reduction by 
carding as low, and 90% as high. Improper card flat settings have an effect on the level of 
neps, too wide a flat setting producing a significantly higher level of neps than the normal 
setting for cotton, since control over the fibres is lost (Perkins and Bargeron III, 1980, Klein, 
2000, Harrison and Bargeron, 1986) (Figure 3.9). The higher the flat strip waste (smaller flat 
setting), the fewer neps are present in the sliver (Basu, 1994).  
 
 
          
Figure 3.9:  Effect of card flat setting on card web nep levels (Harrison and   Bargeron, 1986) 
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A high nep count is often the result of poor carding, which in turn is more often than not due 
to poor maintenance,  grinding, stripping and setting (Leifeld, 1995, Frey and Schleth, 1994), 
and the associated deterioration in the card wire, a low nep count being directly related to the 
sharpness and thickness of the points of the cylinder wire, carding segments and flat clothing 
(Ashworth, 1990).  
Removal of short fibres during carding is very low, short fibres representing only about half 
of the 1 to 2% of the flat strippings emanating from the card (Klein, 2000). It was found that, 
in spite of the removal of short fibres during opening and carding, both the 2.5% and 50% 
span lengths were reduced on average by 4% during opening and by a further 3% during 
carding (Anwar, 1973), indicating significant fibre breakage during opening and carding. The 
card does appreciable damage to the fibres, but removes a large proportion of the fibres it 
breaks (Pierce et al., 1955).    
The effect of the carding rate on card web neps depends upon the micronaire of the cotton, as 
illustrated in Figure 3.10 for a single carding (Harrison and Bargeron, 1986). 
Yarn imperfections generally increase with increasing carding rate, since fibres are frequently 
broken during cleaning, and more particularly during the carding process, which leads to 
increased nep formation (Marth et al., 1952a, Artzt et al., 1992).  
 
 
    
 
Figure 3.10:    Effect of card production rate and cotton micronaire level on  
card web neps (Harrison and Bargeron, 1986) 
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The effect of card production rate, due to the increase in card main cylinder loading, on yarn 
quality is illustrated in Figure 3.11 (Douglas, 1971, Yunus and Mumtaz, 1990, Bocht, 1994b). 
 
 
 
Figure 3.11:  Effect of carding rate on yarn irregularity (Douglas, 1971)
 
 
 
It must be borne in mind that if the cotton lint has a high nep content, then more neps will 
generally also be present in the card sliver as illustrated in Figure 3.12 (Selker, 1992, 1994). 
 
 
  Figure 3.12:  The relationship between neps in the card sliver and  
             neps in virgin cotton (Selker, 1992, 1994). 
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For cottons which nep easily, lower doffer speeds are generally required. There appears to be 
a direct relationship between card web neps and minority hooks (leading). As the latter 
increase so do yarn imperfection (Simpson, 1972, Wegner, 1980, Yunus and Mumtaz, 1990, 
Van Dalfsen and Zaat, 1954). Hunter (1988) concluded that card neps are affected by 
micronaire value (main effect),   50% span length and trash particles. Studies indicate that, 
under normal circumstances, there is always a certain reduction in nep size in the card (El 
Mogahzy, 1994), the nep size in the card mat being found to vary from about 0.77 to 0.86 
mm, with the licker-in waste having the highest nep content and size, followed by the flat 
waste and doffer waste. 
 
Card efficiency can be defined as follows in terms of nep removal (Hunter, 1980): 
 
 Card Efficiency = Lap neps/g – Web neps/g x 100 
      Lap neps/g 
 
 
 
The following table allows a rating of the frequency of neps in a card sliver (production rate 
45 kg/hr) (Hunter, 1980): 
 
Number * Rating 
1 to 15 
16 to 30 
31 to 45 
> 46 
Low 
Average 
High 
Very High 
 Number of neps/100 in
2
 (645 cm
2
)of card web   
* Multiplying by 5 approximates neps/g. 
 
 
Figure 3.13 shows that there is high correlation between card web neps and yarn neps 
(Perkins and Bargeron, 1981). 
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Figure 3.13:  Relationship between neps in a cotton yarn and that in the card web  
 
 
 
3.6 COMBING 
 
The process of combing is essentially aimed at reducing fibre entanglement, improving fibre 
alignment (parallel arrangement), and reducing, or even eliminating, short fibres, neps and 
plant and other contaminating materials. Care needs to be taken, however, to optimise the 
combing process, by achieving good comb sliver quality, without excessive removal of “good 
fibres” as comber noil, this being dependent upon the particular yarn fineness and quality to 
be produced.   
Combing should increase both the 2.5% span length and 50% span length, due to the removal 
of short fibres (Gupta et al., 1977). The amount of noil (waste) removed by the combing 
machine can fall within the range of 5 to 25%, depending on the end use of the yarn. The 
quality of the yarn is improved slightly by the process of „Scratch‟ combing which takes out 
as little as 5% noil. The removal of 10 to 15% noil is regarded as normal combing, where-as 
in the case of fine combing, it may be as high as 25% (McCreight et al., 1997)
 
. Table 3.2 and 
Figure 3.14 compare the fibre details and staple diagrams of sliver lap feed, combed sliver and 
extracted noil. It can be seen that, by reducing the short fibre content from 28 to 9%, a much 
more rectangular staple diagram is produced (Lawrence, 2003). 
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Table 3.2: Fibre details of sliver lap feed, combed sliver and extracted noil 
 
Fibre Parameter Sliver Lap Combed Sliver 
Noil 
(17% Extraction) 
Effective Length 
(mm) 
37 38 23 
% Short Fibre 28 9 66 
              
 
 
 
   Figure 3.14:  Staple diagram for combed Sudan cotton (Lawrence, 2003)  
 
It has been found that the irregularity (U%) of combed yarns was approximately 1.5% 
(absolute) lower than that of carded yarn for every 10% comber waste produced  (SITRA, 
1975). Combed cotton yarns, on average, contain 80% fewer thin places and 65 to 75% fewer 
neps than carded yarns (SITRA, 1976), combing improving yarn irregularity not only by 
increasing the fibre length, but also by making fibres more parallel and by reducing 
entanglements in the sliver
 
(Balasubramanian, 1975). The number of thick places in the yarn 
decreased as SFC was reduced by combing, for noil extraction levels of 10, 14 and 18%, the 
SFC of 17% in the card sliver, decreasing to 10.5, 7.5 and 4.5%, respectively, in the comber 
79 
 
sliver. Compared to the carded yarn, the thick places present in the combed yarns decreased 
by about 65, 77 and 85%, for noil extraction levels of 10, 14 and 18%, respectively (Uster, 
1992). 
The removal of short fibres over the range of noil extraction was asymptotic rather than 
linear, indicating that, from a certain noil extraction level upwards, no further significant 
removal of short fibres and impurities took place, and thus also no further significant 
improvement in yarn quality occurred (Schwippl and Peter, 2000).  Schwippl and Peter 
concluded, based upon AFIS – L & M results, that, when increasing noil extraction levels, the 
nep count in the combed sliver decreased most between 10 and 15% noil extraction levels. It 
was found that a significant reduction in immature fibres was only apparent with a 15% noil 
extraction. Figures 3.15 and 3.16 show the mean fibre length and the fibre length frequency 
distributions, respectively, in the combed sliver compared to the comber lap for different noil 
percentages (Schwippl and Peter, 2000). 
                     
 
Figure 3.15: Average AFIS mean fibre length vs percentage noil extracted (Schwippl 
and     Peter, 2000) 
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Figure 3.16:  The frequency distributions of the fibre length in the comber lap and 
combed sliver for different noil extraction levels (Schwippl and Peter, 2000). 
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3.7 DRAWING 
 
In order to produce a yarn of the required linear density (count) and quality, the card or 
combed sliver has to be drawn, and the fibres in the sliver straightened, aligned and 
parallelized so that the sliver can be of the desired quality and count (Lawrence, 2003). This is 
achieved in the drawing process, which involves the roller drafting of the carded sliver. In 
addition, the drawframe can also act as a further cleaning point. On high performance 
drawframes equipped with appropriate suction removal systems, more than 80% of the 
incoming dust clinging to the fibre surfaces, and liberated due to fibre-to-fibre friction during 
drafting, is extracted (Klein, 1987a). 
Rao (1961) has given a mathematical model for the ideal sliver and its application to the 
theory of roller drafting. In reality, there is a distribution of fibre lengths which lacks in 
straightness and parallelism (alignment). It is therefore more useful to consider the term fibre 
extent, rather than fibre length, as illustrated in Figure 3.17 (Lawrence, 2003). 
 
 
 
 
       Figure 3.17:   Fibre extent 
 
Fibre extent, according to the Textile Terms and Definitions, is the distance between two 
planes which just enclose a fibre in its length direction, without intercepting it, the planes 
being perpendicular to the general direction, or axis line, of the linear assembly of the fibre . 
Figure 3.18 shows that the fibre configurations in card slivers have different fibre extents 
(Sengupta and Chattopadhyay, 1982, Morton and Summers, 1949).  
 
82 
 
              
Figure 3.18:  Fibre configurations in doffer web and card sliver  
  (Morton and Summers, 1949) 
 
 
If the drafting zone length during drawing is not set properly according to the longest fibre 
extent, then, in drafting the card sliver, fibre breakage may take place and also there could be 
groups of undrafted fibres emerging from the front rollers (Lawrence, 2003). There will, 
however, be fibre extents that are not nipped by either the back or front rollers, which become 
floating fibres, with uncontrolled movements. The lack of control over these floating fibres 
and the repeat of their uncontrolled movements in the drafting zone, will give rise to a random 
succession of thicker and thinner sections along the length of the sliver (called drafting 
waves). Several studies have addressed the motion of fibres in the drafting zone, Figure 3.19 
illustrating the general findings (Taylor, 1954, Grover and Lord, 1992). 
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               Figure 3.19:  Change in the number of fibres in the cross-section within the  
 drafting zone from AA' to BB' (Taylor, 1954, Grover and Lord, 1992). 
 
Figure 3.19 depicts two things, firstly, the profile of the number of fibres in the sliver cross-
section at intervals along the length of the material within the drafting zone AA' to BB', and 
secondly, the typical change in speed of a floating fibre as it leaves the control of the back 
roller pair, at time tb, and moves to the front rollers, where it is accelerated to the higher front 
roller surface speed in a time tf. 
 
Fibres usually have some degree of entanglement when they are not parallel and straight in 
the input material. The greater this is, the greater the resistance to sliding of fibres past one 
another, and the tendency for fibres to be pulled towards the front roller pair in clumps.  
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From their observation of the drafting of card sliver, Grover and Lord (1992)
 
suggested that 
the average length of floating fibre groups is likely to decrease with repeated drafting because 
of a progressive reduction in the number of entanglements. Consequently, two draw frame 
passages help to produce better quality yarn with reduced variations, than does one drawframe 
passage (Ramkumar, 2000). 
 
During drafting, the inter-fibre friction tends to straighten and align fibres as they slide past 
each other. Merchant (1961, 1962b) explains that, in the straightening and alignment of fibres 
entering the drafting zone, the drafting action removes trailing hooks preferentially to leading 
hooks. According to an investigation by Morton and Yen and quoted by Klein (1987a), it can 
be assumed that, of the fibres in the card web, more than 50% have trailing hooks, about 15% 
have leading hooks, about 15% have double hooks and less than 20% of the fibres have no 
hooks. Research by Sengupta and Chattopadhyay (1982) gives figures of 43.5% for trailing 
hooks, 19.6% for leading hooks, 21.7% for double hooks and 15% for  no hooks in the doffer 
web. Fibre hook removal increases with increased linear density of the input material 
(Simpson and De Luca, 1965) and with increased draft (Nutter, 1962, Ghosh and Bhaduri, 
1962). 
 
Some studies concluded that drafting waves will depend on the fibre length or span length 
distribution and, in particular, on the SFC of the distribution, since short fibres will always be 
floating fibres, the bulk of floating fibres during drafting being likely to be short fibres 
(Wegener and Ehrier, 1970). For cotton, data from a digital fibrograph have been used in the 
following expression, which provides an estimate of the percentage of fibres likely to become 
floating fibres (Hertel and Crave, 1960, Prakash, 1962)
 
: 
 
  Percentage floating fibres (%FF) =  (S/L – 0.975) x 100 
 
                     
Where: S = 2.5% span length  
  L = 12.5% span length 
 
Depending on fibre grade and the processing conditions during opening and carding, reported 
figures for  FF ranged from 10 to 70% (Hertel and Craven, 1960).  
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Fibre breakage in the preparation process is of significance in terms of drafting wave 
irregularity. Other factors influencing drafting wave irregularity, include the draft applied, the 
count of the input material, doubling, roller or drafting zone setting, degree of parallelism, and 
fineness of fibres in the input material.  Figure 3.20 shows a typical example of how the 
irregularity (coefficient of variation) of the drafting material changes with roller setting 
relative to the fibre length parameters (Lawrence, 2003). 
 
    
        
Figure 3.20:  Effect of roller setting on the irregularity of the draw frame 
sliver (Lawrence, 2003) 
 
Research, using single fibre length data [AFIS 5% L(n)] for the draw frame drafting system 
roller setting, found a 0.7% reduction in SFC and a 1% improvement in yarn evenness 
compared to the traditional roller setting based on 2.5% span length  (Basu and Ramkrishnan, 
2000). 
The number of neps may increase under certain conditions at the drawframe. The formation of 
neps will be encouraged by an insufficient degree of orientation and by the presence of fibre 
hooks (Hartenhauer, 1958, Figino and Itoni, 1962). As there are more neps in the yarn than 
that counted in the card web (seed-coat fragments  included), it has been concluded that 
additional neps are formed in the drafting process (Alou and Alexander, 1978), due to a lack 
in fibre orientation and the presence of fibre hooks in the  sliver (McHugh, 1981). Rusch 
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(1995) reported that two drawframe passages after combing, increased  nep count by more 
than 15% in  combed yarn, compared with one passage post-comber drawing. According to 
Fessmann (1932), the formation of neps during drafting may also be caused by the breaking 
of excessively long fibres. 
 
 
 
3.8 ROVING FRAME  
 
Unlike the draw frame drawing operation, where multiple slivers are drawn, slivers are 
drafted individually in the roving frame, and, since there are now fewer fibres in the cross-
section, aprons are generally used to control floating fibres, thereby minimizing the 
prominence of  drafting waves (McVittie and De Barr, 1959). Drafting imperfections at the 
roving frame are likely to lead to thick and thin segments in the yarns, thick segments being 
more difficult to twist than thin ones, resulting in irregular twist distribution (Lord, 2003). By 
comparing the speed profiles of the floating fibres as illustrated in Figure 3.21, it can be seen 
that the distance over which the motion of short fibres is uncontrolled, has been reduced (for 
detail refer to Figure 3.19) (McVittie and De Barr, 1959) by the use of aprons.  
 
 
         
 Figure 3.21:   Apron drafting control of floating fibres (McVittie and De Barr, 1959) 
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The effect of processing on fibre length indicated that the average span lengths of fibres in the 
roving were about 5% higher than those in the finisher draw frame sliver, while those of the 
fibres in the yarn were approximately 1% higher than those of the fibres in the roving (Anwar, 
1973). The latter could be as a result of fibre crimp removal and loss of short fibres during 
spinning, for example as fibre fly. 
 
  
 
3.9 RING SPINNING FRAME 
 
The interactions between cotton fibre properties and spinning process parameters, and their 
effects on yarn quality, have been studied by many researchers, far too many to review in any 
detail here, therefore only a very selected and limited number of references will be reviewed. 
Azarschab (1995)
 
indicated that, for a 10 tex cotton yarn, longer and finer fibres produced 
better quality yarns ( Uster hairiness, %CV and thin places) as the spindle rotational speed 
increased from 16000 to 24000 rpm. Tallant (1960) concluded that there was a strong 
interaction between SFC, spindle speed, yarn size and twist, with the detrimental effects of 
short fibres on yarn properties and spinning efficiency being large and exponential as spindle 
speed increased. The adverse effects of a high SFC were minimised by an increase in yarn 
linear density and twist, and by a decrease in spindle speed. Yarn quality, in terms of neps, 
hairiness and elongation, was also influenced by the correct choice of traveller (Oberholzer, 
1995). Yarn nepping potential generally increased as fibre elongation, yarn linear density and 
yarn twist factor increased (Hunter et al., 1992).  
According to Klein (1993), the configuration of the spinning zone affected mainly the 
spinning stability, the yarn structure and fibre loss. A spinning zone of excessive length had 
the effect of increasing the number of floating fibres, which in turn had the consequence of a 
greater incidence of thread breakage due to fewer fibres bearing the thread tension. Another 
cause of yarn breakage was excessively high thread tension. The thread tension is a product of 
spindle rotational speed, spinning zone configuration and cop build, higher thread tensions 
inevitably resulting in more yarn breakages and poorer yarn properties (Azarschab, 1995). 
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Das et al. (2004)
 
found that the correlation between drafting force and material variability on 
the spinning frame was good (r
2
 = 0.903), the drafting force increasing with an increase in 
fibre-to-fibre friction and with an increase in roving twist multiplier. Too high a roving twist 
was liable to cause a defect in the yarn, as it impaired the drafting operation during spinning.  
 
Fibre length is an important factor in spinning, for example influencing the creation of fibre 
fly, with fibre length distribution also having an important effect on fly generation (Buhler et 
al., 1990), yarn linting (fly) decreasing as fibre length increased and SFC decreased. Because 
of the greater presence of short fibre and inferior fibre orientation, carded ring spun yarns 
generated about 30% more fibre fly during spinning than combed yarns. For ring yarns, 
linting also decreased as yarn twist factor increased (Hunter et al., 1992). Youngblood (1977) 
studied the generation of fibre fly at the spinning frame. Using several fly collection 
compartments, it was shown that approximately 85% of the total amount of fly generated was 
released at the nip of the front rollers, 10% was generated in the spindle area, 4% in the 
drafting zone and 1% at the creel area. Fly generated in the spindle area contained 
approximately 90% fibres shorter than 12.7 mm. From other areas, the fly contained 55 to 
60% fibres shorter than 12.7 mm. Fly generation also increased with an increase in spindle 
speed, and draft and a decrease in yarn twist. The loss of short fibres as fly, therefore, should 
result in higher mean fibre length in the spun yarn and better yarn quality.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
89 
 
3.10 SUMMARY OF MAIN FINDINGS RELATING TO CHANGES IN FIBRE 
PROPERTIES DUE TO MECHANICAL HANDLING AND PROCESSING 
 
 
This section presents a very brief summary of the main findings emerging from 
published work reviewed in the previous section and which are directly relevant to that 
part of this thesis dealing with changes in fibre properties along the cotton processing 
pipeline, from ginning up to, and including, the yarn.   
   
 
 Effect of Seed Cotton Preparation 
 
 Excessive seed cotton drying leads to more fibre breakage during ginning, resulting 
ultimately in an increase in neps and short fibre content and in a decrease in fibre 
length. To prevent undue fibre damage, the temperature in the drying system should be 
kept below 180˚C.  
 The amount of seed cotton cleaning and extracting machinery may increase card neps.  
 
 
 Effect of Ginning 
 
 Roller gining is generally more gentle than saw ginning, resulting in roller ginned 
cotton being slightly longer, with better length uniformity, and fewer short fibres and 
neps, although saw ginned cottons have lower trash and yellowness and better 
brightness than roller ginned cottons. 
 Cage ginning, a recent development, produces better quality cotton than saw ginning, 
with fewer neps, short fibres and a lower percentage trash.  
 Excessive use of cleaning equipment at the gin significantly decreases the fibre length 
and length uniformity, and increases the nep level. For example, using three stages of 
lint cleaning instead of two, can double the nep level and increase short fibre content.  
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 Effect of Opening and Cleaning 
 
 The opening and cleaning actions in the blowroom have a significant effect on cotton 
fibre properties and trash level, generally affecting them in opposite directions i.e. 
increasing trash removal resulting in a deterioration in fibre length characteristics, 
notably SFC, and nep levels. Therefore, the cleaning efficiency has to be optimised 
rather than maximised. 
 A too intensive beating action and too many beaters cause fibre breakage, with an 
associated adverse effect on fibre length and the formation of neps, the opening and 
cleaning process generally contributing most to the formation of neps. 
 For minimal fibre damage and fibre loss, shorter blowroom lines, with an improved 
design and gentler treatment are recommended. 
 
 
 Effect of Carding 
 
 One  of the main functions of carding is the reduction of trash, the degree of cleaning 
achieved by carding being in the range of 85 to 95%, the card sliver normally 
containing only about 0.03 to 0.05% of foreign matter. 
 Some fibre breakage takes place during opening and carding, for example, 2.5 and 
50% span lengths being reduced on average by 4 and 3%, respectively. Carding both 
creates and removes short fibres and neps, the outcome of the two opposing effects 
depending upon many factors, such as the nature and condition of the card, and card 
wire in particular, card production rate etc. For example, over the cylinder speed range 
of 300 to 600 rpm, the trash content can be reduced by more than 50%, depending on 
taker-in speed, but which may also be associated with more fibre breakage. 
 Removal of the neps and trash improves with an increase in carding intensity. 
 Increasing carding rate increases nep formation, and this increase in nep formation 
further increases with a reduction in micronaire.   
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 Effect of Combing 
 
 Combing removes trash, neps and short fibres, increases the fibre length, and also 
makes the fibres more parallel and less entangled. 
 The nep count in the combed sliver is greatly reduced when increasing noil extraction 
from 10 to 15% and there is also a reduction in immature fibre levels, with 15% noil 
extraction. 
 The removal of short fibres over the whole range of noil extraction is asymptotic 
rather than linear, and from a certain noil extraction level upwards no further 
significant removal of short fibres takes place. 
 
 
 
 Effect of Drawing 
  
 Drawing straightens and aligns fibres, and removes trailing hooks preferentially to 
leading hooks, thereby reducing potential nep formation propensity. Nevertheless, 
neps can also be formed in the drafting process, due to a certain lack of fibre 
orientation and presence of fibre hooks in the sliver and also due to very long fibres 
being broken. 
 SFC can increase due to fibre breakage, resulting in reduction of fibre length, 
particularly if the incorrect roller setting is used for the specific fibre length 
parameters. 
 
 
 
 Effect of the Roving Operation 
 
 There is an indication that the average span length of fibres in the roving is about 5% 
higher than that in the finisher draw frame sliver, probably  due to fibre straightening 
and some crimp removal.  
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 Effect of Ring Spinning 
 
 Incorrect choice of traveller leads to increased nep levels in the yarn, yarn neps also 
increasing as fibre elongation, and yarn linear density and twist factor increase.  
 Fibre breakage takes place during the final drafting on the ring frame, reducing fibre 
length and increasing short fibre content and the loss of short fibres and fibrous fly 
during spinning, specially in the case of carded ring spun yarns.   
 Fibre fly increases as draft or spindle speed increases, specially for shorter staple 
length cottons. 
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CHAPTER  4: 
 
DESCRIPTION OF ORIGINAL BENCH MODEL YARN DISMANTLER 
 
 
4.1 INTRODUCTION 
 
In this chapter, a brief description is given of the original bench model yarn dismantler (i.e. 
prior to any modifications subsequently made as part of this study) which was patented (US 
Patent 6,205,758B1-March 2001) and which enabled a length of cotton (short staple) yarn to 
be dismantled into its constituent fibres by automatically untwisting the yarn mechanically. 
The aim had been to develop a technology and instrument which are operator friendly and 
independent of the skills of the operator, and much quicker than the manual procedure of 
dismantling a yarn. Furthermore, it also needed to be able to dismantle yarns of different 
counts and twist levels, with little, preferably no, effect on fibre properties, length in 
particular, and to collect the dismantled fibres with minimal or no fibre loss, and to complete 
the test within an acceptable time frame. 
 
 
4.2   BRIEF DESCRIPTION OF APPARATUS  
 
After various unsuccessful attempts, a satisfactory concept (i.e. method) of yarn dismantling 
was developed and patented, and the ensuing Yarn Dismantler has been described in US 
Patent 6,205,758B1. Various principles of dismantling a yarn have been described in the 
patent, and a bench model of the yarn dismantler, based on what was considered the best of 
these, was built at the Council for Scientific and Industrial Research (CSIR), Port Elizabeth, 
South Africa (Weideman et al., 2004). The basic concept and principles of the bench model 
dismantler, as patented, and used for the initial experimental evaluation, are illustrated 
schematically in Figure 4.1. 
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Figure 4.1:  Schematic Diagram of the original bench model Yarn Dismantler       
(Weideman et al., 2004) 
 
The yarn (12) to be dismantled is wound onto a bobbin 114 which is supported and able to 
rotate freely on shaft 120. The arrangement is such that the bobbin 114 encounters minimal 
frictional resistance to its rotation. A pair of cheek plates 130, as a part of untwisting spindle 
116, supports the bobbin and guide rollers 128. The yarn 12 is fed from the bobbin 114, 
through guide rollers 128 to the driven unwinding roller 22 and the free running roller 29. 
Sufficient pressure is applied to the guide rollers 128 to ensure proper control over the yarn 
position and alignment, and for untwisting of the yarn to take place over a set distance (133). 
Unwinding roller 22 is positively driven as schematically shown, while roller 29 frictionally 
rotates by means of the nip roller 22 in a counter-rotating direction. The untwisting spindle is 
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mounted transverse to the general direction of movement of the yarn, and is driven by belt 
138 in a direction which is appropriate for untwisting the yarn about an untwisting axis 118. 
Untwisting takes place between the guide rollers 128 and the unwinding nip rollers 22, i.e. 
over a very short distance, indicated by reference numeral 133, so as to distribute the 
untwisting more evenly along the yarn segment. As the rotation of the untwisting assembly 
about the untwisting axis 118 takes place at relatively high speed, care has to be taken that the 
assembly is balanced.  
The untwisted yarn is collected onto a hollow rotating perforated drum 180 (See Figure 4.2). 
The drum 180 is rotatable about a transverse axis and has a periphery aligned with the path of 
the untwisted fibres. 
 
 
 
  Figure 4.2:   Schematic diagram of a bench model Yarn Dismantler  
            (fibre collection drum), (Weideman et al., 2004) 
Suction (191) is applied through the perforated drum surface (181), via the hollow journal 
185, thereby holding the collected fibres to the drum surface (112), also preventing them from 
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becoming twisted again.  When sufficient yarn has been dismantled, the dismantled fibres 
collected on the drum, are steamed by nozzle 193, and dried before ending the suction. The 
reason for steaming is to remove twist liveliness (residual torque) of the collected fibres 
before testing. After drying, the dismantled fibre strands are carefully removed, without 
breaking, from the drum for conditioning and testing. 
 
The rotational speeds of the different machine parts can be adjusted on an electronic control 
panel to achieve different dismantling rates as required.   
 
Prior to the dismantling process, it is first of all necessary to determine the level and direction 
of the twist of the yarn to be dismantled, a normal automatic twist tester or hand twist tester 
being necessary for this purpose.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER  5: 
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EXPERIMENTAL 
 
 
The Experimental Chapter is divided into three sections, namely Sections 5.1, 5.2 and 5.3. 
Section 5.1 essentially covers those experimental details common to all the trials and 
experiments. Section 5.2 deals essentially with the experimental details pertaining to the 
evaluation of the bench model, and the modification, development and evaluation of the first 
and final prototype yarn dismantlers. Section 5.3 deals with the experimental details 
pertaining to the application of the yarn dismantler for distinguishing between carded and 
combed cotton yarns as well as for tracking changes in cotton fibre properties during 
processing into yarn. 
 
  
 
5.1 EXPERIMENTAL DETAILS COMMON TO ALL TRIALS 
 
5.1.1 Atmospheric Conditions 
 
Unless otherwise stated, all the cotton processing and tests were carried out under standard 
atmospheric conditions [20 + 2˚C and 65 + 2% relative humidity], allowing the material 
sufficient time (at least 24 hours) to attain equilibrium under the above atmospheric 
conditions, before any tests or processing were carried out. It is well known that the changes 
in atmospheric conditions, particularly relative humidity, affect the various physical 
properties and processing performance of cotton. 
 
 
 
 
 
 
5.1.2 Test Methods 
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Where a standard test method has been used without modification, only a very brief 
description, together with the appropriate references, is generally given. Where test methods 
have had to be adapted to suit specific requirements, the nature of the changes are discussed 
under the appropriate experimental sections, since it was considered difficult to incorporate 
such discussions into the main Results and Discussion chapter, without seriously affecting the 
continuity and structure of the latter. 
 
       
5.1.3 AFIS Fibre Testing  
 
5.1.3.1   Introduction 
 
The Uster AFIS system of measuring and characterising cotton fibre characteristics, on a 
single fibre basis, was chosen for this research, since it is the most widely used and suitable 
commercial system for this purpose. The AFIS MultiData Module Version 4.0, which 
measures the length and nep parameters as well as diameter and trash content (Uster AFIS - L 
& D, N, T module), was used in the evaluation of the various versions of the yarn dismantler, 
as well as some of the experiments involving the application of the final prototype yarn 
dismantler (as will be indicated) while the AFIS MultiData Module Version 4.22, which 
measures length and nep parameters as well as maturity and fineness (Uster AFIS - L & M, N 
module), was used only in the experiments involving the application of the final prototype 
yarn dismantler. In essence, the two AFIS systems produced the same results, except that the 
4.22 unit also provides results for fibre linear density, maturity ratio, immature fibre content 
and seed coat neps.  
 
 
 
5.1.3.2   Basic principles and operation of the AFIS system 
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Because of the important role the AFIS single fibre measurement system has played in this 
research, the operational principles and details of the system are described and discussed in 
fair detail. The application of electro-optical sensors and advanced signal processing 
technology to identify and characterize cotton fibres, fibre entanglements (neps) and foreign 
matter was used by Shofner et al. (1988) to develop the AFIS (Advanced Fibre Information 
System). The modular concept of the Uster AFIS (Figure 5.1) system provides selective 
access to comprehensive information on the frequency distribution of pertinent dimensional 
parameters; single fibre length and diameter, maturity as well as the size and frequencies of 
neps, trash and dust particles (ICI Leaflet D1551). Initially, the AFIS measured only neps, 
length and diameter, with modules for measuring fineness and maturity being added later.  
 
 
 
    Figure 5.1 :  The USTER AFIS PRO 2 Fibre Testing Instrument (Uster,2007) 
The AFIS system is schematically illustrated in Figure 5.2, embracing the concept of 
aeromechanical processing, similar to that used in the opening and carding of cotton. The 
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aeromechanical separator uses novel cleaning and fibre individualizing techniques to separate 
and present the various components, microdust, fibre and trash, to the electro-optical sensors. 
The hand prepared specimen (30 to 35 cm long) of cotton fibre is fed into a feed roller (1) and 
pinned perforated opening roller (2). The first and second stationary flats (3 and 4) are 
employed to further clean and comb the fibres. Aerodynamically heavy trash particles are 
separated from the fibres and dust in the first counter flow slot (CFS1) and are transported out 
of the system. The aerodynamically smaller fibres and dust are returned to the opening roller 
by air drawn into the slot. Microdust is centrifugally classified and pulled into the opening 
roller in the area defined by the sleeve.  Fibres are directly transferred to a pinned carding 
cylinder (5), for further combing and cleaning. A second counter flow slot (CFS2) removes 
additional trash. Its counter flow air is also used to transport the fibres out of the system, after 
a final combing by a third stationary flat (6). 
      
 
Figure 5.2:  AFIS aeromechanical separator (fibre individualizer) (Furter and Frey, 1990) 
The three separated components follow different pneumatic paths and are individually 
measured electro-optically. Individual fibres and neps are doffed pneumatically from the 
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carding cylinder and transported to the fibre sensor by a high-velocity air stream. They enter 
the electro-optical sensor through an accelerating nozzle which presents them in proper 
orientation to the near infrared (NIR) ribbon beam (see Figure 5.3). As the fibres pass 
through, they scatter light in relation to their size and cross sectional shape. The light is 
detected and generates voltages V(s) which translate into characteristic waveforms as shown 
in Figure 5.4. Fibres generate a rectangular waveform, characteristic of their length and cross-
sectional dimension, such as diameter. Neps generate a triangular waveform, the peak 
amplitude of which is at least several times the magnitude of the fibre waveform.  
 
 
 
      
 
     Figure 5.3:  AFIS fibre sensor schematic (Suh et al., 1997) 
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       Figure 5.4:   AFIS fibre and nep waveforms (Furter and Frey, 1990)                                                                 
From these basic electro-optical waveforms, the pertinent data are acquired, analysed and 
stored in matrix form by an industrial computer. Monovariate distributions for size (for neps 
or trash), fibre length by number, or fibre diameter by number, are generated (L and N 
module). Trash and microdust particles are counted and sized in a similar manner to the 
above. Multivariate distribution can obviously be produced, since the basic measurements are 
made on an individual fibre basis. For example, a bivariate number distribution, involving L 
and D, is generated and used to compute a monovariate length by weight distribution (ASTM 
D1449-59).  
In the AFIS  F & M information module, the AFIS measures maturity and fineness of 
individual fibres as with other modules. The capability of the optical sensor has been 
expanded to include measurements of multiple light scattering angles, V(t) in Figure 5.3. This 
new technique enables the circumference and cross-sectional area of individual fibres to be 
measured, and therefore the maturity of individual fibres, fibre linear density in millitex and 
immature fibre content (IFC%). Immature fibre content is a new value, indicating the 
proportion of immature fibres. Fibres with circularity of less than 0.25 are classified as 
immature (Hertel and Craven, 1951). Figure 5.5 shows a typical summary table and 
histograms contained in an AFIS MultiData printout for length frequencies and maturity. 
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Figure 5.5: Example of a summary table and histograms contained in an AFIS MultiData 
printout (Yankey and Qaud, 1995). 
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5.1.3.3   Testing Protocol Used 
 
A 0.5g cotton specimen was used for one test. The cotton fibre specimen was hand prepared 
into a roving form (30 to 35cm long), by making sure any tangled fibre clusters were opened 
and straightened. The hand prepared sample was fed into the feed roller of the AFIS machine. 
 
 
5.1.4   Roving and Yarn Linear Density Test 
 
The roving linear density (tex) was calculated from the mass of 10 metre lengths of roving, 
taken from the roving bobbins and wound onto a roving reel, cut off and weighed to an 
accuracy of 0.01g. The mass (in g) of the 10 metre roving length was then multiplied by 100 
to obtain the linear density in tex units. Similarly, the yarn linear density was calculated from 
the mass of 100 metre lengths (hanks) of yarn taken from different spinning tubes (bobbins), 
and which were wound onto a wrap reel, cut off and weighed individually, also to an accuracy 
of 0.01g. The mass of the 100 metre length of yarn was then multiplied by 10 to obtain the 
yarn linear density, in tex units (i.e. g/1000 m), accurate to 0.1 tex. A minimum of 2 such 
“hanks”, and where the material was sufficient, up to 5 “hanks”, were wound from different 
parts of the roving bobbin and yarn spinning tube, respectively, and weighed. The mean was 
then calculated from the results so generated. 
 
 
5.1.5     Yarn Twist Test   
   
To determine the yarn twist (tpm), an automatic continuous digital twist tester (double 
untwist-twist type) was used. A 50cm gauge (test) length was used, and the number of turns 
were recorded in turns per metre. Ten tests were carried out for each yarn tube and the mean 
calculated. 
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5.1.6 Collection of Twistless Fibre Strands  
   
In order to have a measure of the properties of the fibres as they emerge from the front rollers 
of the spinning frame, i.e. before twist is inserted, the twistless strand of fibres, emerging 
from the nip of the front rollers of the spinning frame was collected. In order to facilitate the 
proper collection of the twistless fibre strands, without any fibre loss, the suction nozzle on 
the spinning frame was closed and sufficient fibres for analysis on the AFIS (length module), 
were collected by suction, using a low pressure vacuum cleaner with a modified suction 
funnel as an attachment. This attachment was designed in such a way that it collects fibres and 
limits air turbulence, thereby preventing fibre twisting or entangling during the collection of 
the strands. This was necessary so as to prevent fibre breakage during the opening stage on 
the AFIS. 
  
5.1.7  Yarn Dismantling   
 
Sufficient yarn was wound onto the bobbin of the Yarn Dismantler, for one AFIS 
measurement. The dismantling speed (rate) was set so that about 95% of the nominal twist in 
the yarn was removed during the dismantling process, this having been found to be the 
optimum during some preliminary trials. For one AFIS test, a 0.5g sample was required. 
Therefore, for a 25 tex yarn for example, a minimum of 20 metres of yarn needed to be 
dismantled. It was also established that the perforated winding drum surface speed had to be 
5% higher than the dismantling delivery speed, so as to prevent the dismantled “yarn” from 
winding too slack onto the perforated drum.   
 
5.1.8  Statistical Analyses   
 
Statistical analyses were carried out, where appropriate, to determine significant differences at 
the 95% confidence level between test results, the SPSS Statistics 20 software being used for 
this purpose. Linear regression analysis, where undertaken, was also carried out with the same  
software package. 
106 
 
5.2 EXPERIMENTAL DETAILS FOR EVALUATING AND MODIFYING THE 
VARIOUS YARN DISMANTLER MODELS 
 
5.2.1 Bench Model 
 
Preliminary trials were carried out to establish the effectiveness of the untwisting action of the 
original bench model yarn dismantler and also to determine whether any fibre damage 
occurred during the dismantling process and to establish what modifications needed to be 
brought about to the bench model before converting it into a first prototype. Furthermore, 
during the evaluation of the bench model, the effects of steaming and dismantling speed were 
also investigated. In all cases, the fibre length and short fibre content were used as criteria.  
In the first trial, 20 and 40 tex ring spun cotton carded yarns, with twist levels of 786 and 586 
tpm, respectively, were produced for dismantling purposes, twistless fibre strands being 
collected from the front roller nip of the ring spinning drafting system, in each case. The 
roving used for spinning the two yarns, as well as the yarns, were also collected for testing.  
The 40 tex yarn was dismantled at a dismantling speed of 1 m/min. Dismantling the 20 tex 
yarn at this dismantling speed, however, resulted in frequent yarn breaks and the dismantling 
speed had to be reduced to 0.5 m/min. Upon investigation it was observed that incorrect axial 
positioning of the untwisting spindle and insufficient air suction at the perforated drum 
resulted in frequent breakage of the untwisted yarn and therefore, in disruptions of the 
dismantling process. Dismantling speeds of more than 1 m/min were also not possible for 40 
tex yarn. Initially, the dismantled yarn samples were carefully removed from the collecting 
perforated drum without steam setting. It was found, however, that the dismantled fibrous 
strand on the perforated drum exhibited considerable twist liveliness (residual torque in the 
fibres) making subsequent handling and AFIS testing of the fibres difficult. The effect of 
steaming on the twist liveliness was therefore investigated as a means of overcoming this 
problem. In addition, the effect of steaming on fibre length was also investigated to assess 
whether steaming resulted in any fibre damage as reflected in a reduction in fibre length. For 
this purpose, after running for 10 minutes, the dismantled “fibre strand”, collected as an 
untwisted or miniature “roving” on the perforated suction drum, was steamed for a few 
rotations of the drum. Cooling down and air drying of the dismantled strand, still under 
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suction, continued for a further three to four minutes, after which it  was carefully removed 
from the drum, while ensuring that no fibres were broken or lost in the process. Steaming was 
found to remove the twist liveliness (residual torque) of the fibre strand, resulting in an 
assembly (bundle) of fibres which can be easily separated and handled, almost as in the case 
of the original roving, thereby facilitating subsequent fibre testing and preventing fibre 
breakage by the opening roller of the AFIS instrument. All the samples were tested on an 
AFIS for length. Ten readings were taken for each sample (30000 fibres/sample). The results 
are given in Chapter 6, Section 6.1.1. 
 
On the basis of these initial trials it was concluded that, although the bench model dismantler 
held potential in terms of speed of dismantling and preserving the fibre properties, certain 
improvement and further development, with respect to the untwisting and fibre collecting 
units, were necessary in the bench top model prior to producing the first prototype. These are 
dealt with in the following section which led to development of the first prototype yarn 
dismantler. 
 
 
5.2.2 First Prototype 
 
As already mentioned in Section 5.2.1, the test results and evaluation of the bench model yarn 
dismantler demonstrated the need for changes in the position of the untwisting spindle as well 
as the perforated screen of the suction drum (Figure 4.1: 116 and Figure 4.2: 181), in order to 
achieve better dismantling performance and higher dismantling speeds. These changes were 
brought about, and incorporated into the first prototype, after which various trials were carried 
out to evaluate its performance. The effect of dismantling speed on fibre length was 
investigated by dismantling two different yarns, namely 20 tex/731 tpm and 25 tex/648 tpm 
combed ring spun yarns, each at dismantling speeds of 1 m/min, 1.5 m/min, and 2 m/min. The 
dismantled strands were steamed, conditioned and tested on the AFIS for length, a minimum 
of five readings being made for each yarn. When it was attempted to increase the dismantling 
speed to 3 m/min or more, it resulted in a vibration of the untwisting spindle and 
malfunctioning of the drive mechanisms of the different parts, due to the complex drive 
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mechanism and mechanical limitations of the bench model. It was therefore decided to use a 
dismantling speed of 1.5 m/min in the further evaluation trials of the first prototype.  
Trials were then carried out on two carded cotton yarns (20 tex/813 tpm and a 30 tex/640 tpm) 
and a combed cotton yarn (25 tex/648 tpm), all three being ring spun, to evaluate the 
performance of the first prototype at a dismantling speed of 1.5 m/min. The main aim of these 
trials was to assess the dismantling performance of the first prototype yarn dismantler for 
different yarn types (i.e. carded and combed) and twist levels, at a dismantling speed of 1.5 
m/min. Twistless fibre strands were collected from the front roller nip of the ring frame 
drafting system, as before, as also the rovings used for spinning the yarns. A minimum of ten 
AFIS tests were conducted for each of the rovings, twistless strands and dismantled yarns.  
When evaluating the operation of the first prototype yarn dismantler, it was found that, to 
enable higher dismantling speeds and more efficient functioning of the yarn dismantler, as a 
reliable, operator friendly unit, with a minimum dependency on, or intervention by, the 
operator, further modifications to the drive mechanism, as well as a new air suction 
mechanism and steam system were required, all of which were introduced in the final 
prototype, as described below.   
 
 
5.2.3 Final Prototype 
  
The modifications carried out on the bench model, and introduced into the first prototype 
dismantler, such as changing the axial position of the untwisting spindle and the perforated 
screen of the suction drum, greatly improved the dismantling performance at different twist 
levels, with no apparent damage to the fibres up to a dismantling speed of 2m/min. 
Nevertheless, the results of the trials with the first prototype, notably in terms of difficulties in 
achieving an efficient functioning (malfunctioning of drive mechanism at a dismantling speed 
of 3 m/min and suction fluctuations), particularly at speeds above 2 m/min, indicated that 
further modifications were called for, as detailed below. 
The final prototype Yarn Dismantler was therefore built to accommodate changes in the 
pulley and belt required for a new motor which was installed for the untwisting spindle drive 
(Figure 4.1: 116) and which was necessary to achieve higher dismantling speeds, e.g. 3 and 4 
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m/min, by increasing the spindle rotational speed. Furthermore, separation of the drives to the 
various different parts of the unit was necessary in order to be able to control the various 
drives independently, this being achieved by introducing separate (individual) drive motors 
(see Figure 5.6a), and eliminating some of the reduction gear boxes. The air suction 
mechanism of the perforated drum (Figure 4.2: 191) was also changed in order to achieve 
better and more consistent suction levels. Furthermore, a more efficient new steam system, 
with a modified steam nozzle (Figure 5.6b, 4), was installed, as the previous steam unit was a 
small portable separate unit. These changes also necessitated the installation of a new 
electronic control system. Figure 5.6a shows the final prototype yarn dismantler and Figure 
5.6b the different elements of the dismantling mechanism. 
 
 
                                                     
Figure 5.6b:  Dismantling elements                        Figure 5.6a: Final prototype Yarn 
Dismantler 
 
1 - Untwisting spindle and yarn bobbin        2 – Unwinding rollers  
3 – Hollow perforated suction drum             4 – Steam nozzle assembly 
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After introducing the above mentioned modifications, the final prototype yarn dismantler was 
evaluated as follows: 
 
 Effect of higher dismantling speeds. 
 Comparing its results with those obtained using manual dismantling. 
 Functioning performance under commercial mill conditions 
 
   
Effect of higher dismantling speeds: 
 
A trial was conducted to evaluate the performance of the final prototype dismantling unit and 
investigate its functioning at higher dismantling speeds, above 2 m/min. Two 40 tex cotton 
ring spun yarns, one carded and one combed, both having a twist of 510 tpm, were chosen for 
dismantling at dismantling speeds of 2.0, 3.0 and 4.5 m/min. A minimum of five AFIS tests 
was conducted in each case.  
 
 
Comparison of dismantler and manual dismantling: 
 
As a further verification of the performance of the final prototype yarn dismantler, the fibre 
length results obtained with it were compared with those obtained with the very time 
consuming manual dismantling on 40 tex/510 tpm card yarns, spun from four different 
cottons. A minimum of three AFIS tests were conducted on the fibres from each of the 
manually and dismantler dismantled yarns.  
 
 
Functioning under commercial mill conditions: 
 
A trial was carried out at a large commercial spinning mill to evaluate the functioning of the 
final prototype yarn dismantler and to investigate the reproducibility of the dismantling 
process, using commercial spun yarns produced under commercial mill conditions. Two 
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ringframes, the one producing 100% 25tex/682tpm carded cotton hosiery yarn and the other 
producing 100% 25tex/649tpm combed cotton hosiery yarn, both using the same cotton, were 
selected for these trials.  
The following 100% cotton samples were collected from the two ring spinning frames for 
dismantling (where applicable) and testing: 
 
a)  Carded rovings from 6 speedframe spindles on the ring spinning frame. 
b)  Combed rovings from 6 speedframe spindles on the ring spinning frame. 
c)  Six twistless fibre strands originating from the drafted rovings described in (a), as 
they emerged from the front rollers of the spinning frame i.e. before any twist was 
inserted. 
d) As in c) above but now for the combed rovings described in (b)  
e) Six spinning tubes of the 25 tex carded yarn, spun from the corresponding rovings 
referred to in (a). 
f) Six spinning tubes of the 25 tex combed yarn, ring spun from the corresponding 
rovings referred to in (b). 
 
 
The same procedure, as in Section 5.1.7, was followed. A yarn dismantling speed of 2m/min 
was used for these trials.    
Five subsamples, from each roving sample, were taken from different sections of the bobbin, 
giving a total of 30 roving subsamples (i.e. 5 subsamples/roving sample x 6 = 30 subsamples) 
per sample. Similarly, 30 subsamples in all, from the six corresponding twisless fibre strands 
(i.e. 5 subsample/strand sample x 6 = 30 strands subsample), were obtained. In a similar 
fashion, 30 subsamples, in total, of dismantled yarns were prepared from the corresponding 
six dismantled yarns (i.e. 5 dismantled subsamples/yarn tube x 6 = 30). Subsamples were 
prepared from different segments of the dismantled yarn from each tube. Testing of the fibres 
was carried out as explained in Section 5.1.3.3.  
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5.3 EXPERIMENTAL  DETAILS  RELATING  TO  YARN  DISMANTLER 
APPLICATION 
 
Two applications for the yarn dismantler were investigated, namely: 
 To distinguish between carded and combed yarns. 
 To monitor changes in fibre properties during miniature and pilot plant processing of 
cotton up to and including the yarn. 
 
 
5.3.1 Distinguishing between Carded and Combed Yarns  
 
The carded and combed 25 tex yarns used to evaluate the performance of the final prototype 
under commercial conditions (see Section 5.2.3), were also used to assess whether the yarn 
dismantler could be used to distinguish between carded and combed yarns in practice.  
  
 
5.3.2 Monitoring Changes in Fibre Properties During Processing into Yarn 
 
5.3.2.1 Introduction 
 
The aim of this part of the study was to investigate the changes occurring in the cotton fibre 
properties at the different stages when processed on either a laboratory miniature spinning line 
or a pilot plant, as described in the following sections, which provide details of the raw 
material, experimental plan, and the procedures and machineries used.   
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5.3.2.2   Materials 
 
For these trials, 25 kg of ginned lint from each of eight locally grown cotton varieties 
(American Upland types) were supplied by the Institute for Industrial Crops (previously the 
Tobacco and Cotton Research Institute) at Rustenburg for processing on both a laboratory 
miniature (Platt Miniature) spinning line, and a pilot scale as described under Sections 5.3.2.4 
and 5.3.2.5, respectively.  
The cottons were selected for this experiment to cover a fairly wide range of length (25.7 to 
30.5 mm) as well as micronaire (2.8 to 4.7), on the basis of the HVI test results given in 
Table: 5.1.  
 
Table 5.1: HVI Measured Fibre Properties 
                        Lot 
FIBRE 
PROPERTIES 
178 180 198 209 521 522 524 527 
UHML (mm) 29.2 29.2 30.5 29 28.7 27.7 25.7 26.9 
Uniformity Index (%) 81 83 84 84 84 80 81 82 
Strength (gf/tex)* 32.6 33.8 31.9 33.7 30.5 29.5 32.8 31.7 
Elongation (%) 5.7 6.2 5.9 6.3 8.5 7.0 6.3 6.4 
Micronnaire 4.0 3.6 4.1 4.7 3.7 2.8 3.3 4.0 
*HVI / Pressley level 
 
 
5.3.2.3   Fibre testing 
 
Fibre testing was carried out as described in Section 5.1.3.3, while the roving and yarn linear 
density tests were conducted as explained in Section 5.1.4, and the twist of the yarns as in 
Section 5.1.5. 
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5.3.2.4    Miniature Processing  
 
Each of the eight cotton varieties was processed through a Platt Miniature Spinning Line, 
comprising a Shirley Analyzer, Card, Draw Frame and an eight spindle Ring Frame. Each 
card sliver (5.62 ktex) was given three draw frame passages, the draft being set at 11.7 for 
each drawing process, to achieve a linear density of 2.7 ktex for the final (i.e. 3
rd
 drawing) 
sliver. The slivers, so produced, were processed through a 4-roller drafting system miniature 
ring frame (ring diameter =51 mm), using two different drafts to produce 25 tex yarns (650 
and 760 tpm) and 40 tex yarns (510 and 600 tpm), respectively. The spindle speed was set at 
10000 rpm. Cotton samples for AFIS testing were collected at each processing stage.  The 
processing route layout (flow chart) is shown in Figure 5.7. 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.7:  Processing flow chart for miniature spinning  
 
Mini Draw Frame 
Mini Draw Frame 
Mini Card 
Mini Draw Frame 
Mini Ring Frame 
Shirley Analyzer 
115 
 
5.3.2.5      Pilot Scale Processing  
 
Because of time and cost constraints, only seven of the eight cotton varieties were processed 
into carded yarn and four into combed yarn through the pilot plant (short staple) of the CSIR 
Textile Division in Port Elizabeth (process flow is shown in Figure 5.8) which comprised full 
scale opening, cleaning, drawing and spinning machines.     
 
Opening, Cleaning and Carding 
 
The cottons were processed through a Platt Bale Opener with spiked rollers, a Rieter B3/2 
Hopper Feeder and Rieter ERM Opener, a Rieter Condenser, a Rieter B3/1 Hopper Feeder 
and Krischner 3 blade opener and finally a B6/1 Lap Former. The cotton laps were processed 
through a CMC Even Feed to a Platt Carding machine, running at a cylinder speed of 300 rpm 
and fitted with a Crosrol Auto-leveler, a card sliver of linear density 4.5 ktex being produced. 
Cotton samples, for AFIS testing, were collected after every cleaning point during opening 
and after carding.   
 
Carded Yarn Production  
 
The 4.5 ktex card slivers were passed twice (double drawing) through a Zinser Drawframe 
Type 720 (using a 6 sliver feed in each case). The delivery speed of the drawframe was set at 
150 m/min. The linear density of the drawframe sliver produced was 4.2 ktex (i.e. the draft 
was 6.4). Sliver samples were collected after each drawframe passage for AFIS testing. The 
second passage drawframe slivers were processed through a Rieter F1/1 Speed Frame to 
produce 700 tex rovings. The rovings were processed through a Zinser 319 Ring Frame (ring 
diameter = 48 mm), employing two different drafts in order to produce 25 tex yarns (650 and 
760 tpm) and 40 tex yarns (510 and 600 tpm), respectively. The spindle speed was set at  
10000 rpm, the samples for testing were drawn as appropriate, according to the experimental 
design. The processing route for the carded yarns is shown in Figure 5.8.  
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  Figure 5.8:  Processing flow chart for carded and combed yarn production 
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Combed Yarn Production 
  
The 4.5 ktex card slivers produced from four of the cotton varieties were processed through a 
Zinser Drawframe Type 720 (using a 6 sliver feed) to produce a 4.2 ktex sliver in preparation 
for lapping. 24 drawframe slivers (4.2 ktex each x 24 = 100.8 ktex input feed) were processed 
through a Rieter Unilap E5  lap forming machine, at a speed of 87.5 m/min and a draft of 1.7, 
to produce 59.3 ktex laps for further processing on a Rieter E 7/5 Comber. The draft on the 
comber was set at 112 to produce 4.2 ktex combed sliver, the delivery speed being 126 
m/min. The comber was set to remove the “normal” percentage of noils (15%). Each combed 
sliver was then processed once through a Zinser Drawframe Type 720, to produce a 4.2 ktex 
post comber drawframe sliver. Samples for testing were collected after each drawframe 
passage as well as after combing. Thereafter, the processing and yarn details were identical to 
those for the carded yarns. The processing route for the combed yarns is shown in Figure 5.8. 
 
 
5.3.2.6      Collection of Samples at Ring Frame for AFIS Analysis  
 
The following cotton samples were collected at the different processing stages for all the 
different yarns and different cotton varieties, the procedure being as described previously: 
 
a) Carded rovings from 6 spindles on the ring spinning frame. 
b) Combed rovings from 6 spindles on the ring spinning frame. 
c) Third passage mini-drawframe slivers from 6 spindles, i.e. the input to the mini-ring- 
spinning frame. 
d) Six twistless fibre strands, for each of the 25 and 40 tex yarns originating from the 
drafted carded  roving described in (a). 
e) Six twistless fibre strands, for each 25 and 40 tex yarns originating from the combed 
roving described in (b).  
f) Six spinning tubes for each carded yarn spun from the corresponding carded rovings 
described in (a), i.e. two 25 tex yarns, the one spun with a twist level of 650 and the 
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other with the twist level of 760 tpm, and two 40 tex yarns, the one spun with a twist 
level of 510 and the other with a twist level of 600 tpm.  
g) Six spinning tubes for each of the 25 and 40 tex combed yarns spun from the 
corresponding combed rovings described in (b), i.e. two 25 tex combed yarns, the one 
spun with a twist level of 650 and the other with a twist level of 760 tpm, and two 40 
tex combed yarns, the one spun with a twist level of 510 and the other with a twist 
level of 600 tpm.  
h) Six spinning tubes for each carded yarn spun from the corresponding miniature carded 
slivers described in (c), i.e. two 25 tex miniature ring-spun carded yarns, the one spun 
with a twist level of 650 and the other with a twist level of 760 tpm, and two 40 tex 
miniature ring-spun carded yarns, the one spun with a twist level of 510 and the other 
with a twist level of 600 tpm. 
 
 
 
5.3.2.7   Yarn Dismantling   
 
Dismantling of the yarns was carried out using the same procedure described in Section 5.1.7, 
except that the take-up speed (dismantling delivery speed) was kept constant at 2 m/min.  
 
 
5.3.2.8   AFIS Fibre Testing     
 
Six samples were collected at each processing stage up to the roving frame, five subsamples 
were taken from each of the samples, giving a total of 30 subsamples (i.e. 5 subsamples / 
sample x 6 = 30 subsamples) per sample. Thereafter, the same procedure, as explained in 
Section 5.1.3, was followed as appropriate. Testing of fibres was carried out as explained in 
Section 5.1.3.3.  
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CHAPTER  6:  
RESULTS AND DISCUSSION 
 
Essentially, this chapter is divided into two sections, namely Sections 6.1 and 6.2. In Section 
6.1, the results pertaining to the development, modification and evaluation of the bench model 
and two prototype yarn dismantlers are presented and discussed. In Section 6.2, the results 
pertaining to the application of the final prototype yarn dismantler are presented and 
discussed, including for distinguishing between carded and combed yarns in practice, and for 
tracking changes in cotton fibre properties during miniature and pilot scale processing. 
Sections 6.1 and 6.2 are interlinked as follows: In order to apply the Yarn Dismantler as a 
quality control instrument in industry (see Table 1 page 3), it is critically important to have an 
instrument that is robust, reliable and capable of dismantling a yarn into its constituent fibres 
without any damage and to complete such dismantling action within acceptable time frames. 
Sections 6.1 and 6.2, therefore, deal with the results with this in mind. The detailed test 
results, in the form of average values, are given in Appendix I while two papers already 
published on some of the results of this study are given in Appendix II.  
 
 
6.1 EVALUATION AND MODIFICATION OF THE BENCH MODEL AND 
PROTOTYPE YARN DISMANTLERS 
 
6.1.1 Bench Model 
 
The results of the preliminary trials carried out to establish the effect of steaming on fibre 
length [L(w)] and short fibre content (SFC), the effectiveness of the untwisting action of the 
bench model dismantler as well as whether any fibre breakage occurred during the 
dismantling process, are shown in Tables 6.1 to 6.3. A comparison of the unsteamed and 
steamed results given in Table 6.1, indicate little difference between the length results of the 
steamed and unsteamed samples. Compared to the unsteamed dismantled yarn, the steamed 
dismantled yarn was found to be in a stable torque free opened form which was easy to handle 
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and which passed easily through the opening unit of the AFIS. It was concluded that steaming 
facilitated the subsequent handling and testing of the dismantled fibres without significantly 
affecting L(w) and SFC, and hence it was adopted in all further trials. It is also apparent that 
there was little difference between the length results of fibres from the dismantled yarns and 
those of fibres from the twistless strands, which was reassuring at this stage, since it indicated 
that little, if any, fibre breakage occurred during dismantling, as will be discussed in more 
detail later. 
 
 
Table 6.1:  A Comparison of L(w) and SFC(w) Results for Steamed and Unsteamed  
Dismantled 20 and 40 Tex Carded Yarns 
Fibre 
length 
parameter 
20 Tex/786 tpm 40 Tex/586 tpm 
Roving Twistless 
Strand 
Dismantled 
Unsteamed 
Dismantled 
Steamed 
Roving Twistless 
Strand 
Dismantled 
Unsteamed 
Dismantled 
Steamed 
L (w) mm 25.9 23.8 23.9 23.8 25.9 23.2 23.4 23.7 
SFC(w) 5.8 10.1 10.1 9.8 6.1 11.7 11.1 10.2 
 
 
Table 6.2:  Fibre Length Results (20 Tex Carded Yarn) 
Sample  L (w) mm %SFC(w) UQL(w)mm L(n) mm %SFC(n) 5%L(n)mm 
Roving 25.9 (1.7) 5.8 (16.7) 30.9(1.0) 22.3 (3.0) 16.6 (14.3) 35.3(1.1) 
Twistless 
Strand  
23.8 (1.1) 10.1 (9.8) 29.2(0.4) 19.6 (2.5) 25.3 (8.8) 33.5(0.9) 
Dismantled 
Yarn 
23.8 (1.9) 9.8(11.5) 29.3(1.2) 19.5 (3.1) 25.8 (9.0) 33.5(1.1) 
     CV (in %), based on 10 readings, is given in brackets    
 
Table 6.3:  Fibre Length Results (40 Tex Carded Yarn) 
Sample L (w) mm %SFC(w) UQL(w)mm L (n) mm %SFC (n) 5%L(n)mm 
Roving 25.9 (1.4) 6.1 (13.1) 30.8(1.0) 22.2 (2.3) 17.0 (10.9) 35.2(1.0) 
Twistless Strand  23.2 (1.9) 11.7 (8.6) 28.6(1.9) 18.7 (2.5) 28.6 (6.1) 33.1(1.7) 
Dismantled Yarn 23.7 (3.5) 10.2 (16.6) 28.9(2.8) 19.1 (5.3) 27.2 (13.1) 33.3(1.0) 
 CV (in %), based on 10 readings, is given in brackets     
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A statistical analysis was carried out on the results given in Tables 6.2 and 6.3, in order to 
determine whether any of the differences in the fibre length characteristics between sequential 
stages were statistically significant at the 95% confidence level. The results of the statistical 
analysis are summarised in Table 6.4, from which it can be seen that there was not a 
statistically significant difference between the length parameters [L (w)  and  %SFC(w)] 
measured on fibres from the twistless strand and those measured on fibres from the 
dismantled yarn. The same applies to the other length parameters. There was, however, a 
significant increase in SFC(w) and a decrease in length of the fibres in the twistless strand 
compared to the fibres in the roving, which indicates that fibre breakage occurred during the 
drafting on the ring frame (values < 0.05 in the Significant column, indicate a statistical 
significant differences). This aspect will be treated in more detail later in this thesis.  
 
 
 
Table 6.4:  Summary of Statistical Analysis 
20 TEX 40 Tex 
Dependent Variable 
Mean 
Difference 
Std. 
Error 
P 
Sig. 
Mean 
Difference 
Std. 
Error 
P  
Sig. 
L (w) 
mm 
  
  
Roving to Twistless 
Strand 
2.14 .2097 .00* -5.22 .5453 .00* 
Twistless Strand to 
Dismantled Yarn 
-0.03 .2097 1.00 2.0 .5453 .013* 
Roving to 
Dismantled Yarn 
2.11 .2097 .00* 2.19 .5453 .00* 
%SFC(w) 
Roving to Twistless 
Strand 
-4.25 .4953 .00* -5.61 .4953 .00* 
 
Twistless Strand to 
Dismantled Yarn 
0.26 .4953 1.00 1.53 .4953 .08 
 
Roving to 
Dismantled Yarn 
-3.99 .4953 .00* -4.08 .4953 .00* 
*Significant at 95% confidence level (p<0.05) 
            
 
 
 
 
122 
 
6.1.2 First Prototype 
 
6.1.2.1   Effect of Dismantling Speed 
 
 
Tables 6.5 and 6.6 show the fibre length results of trials carried out to determine the effect of 
dismantling speed (1, 1.5, and 2 m/min), after the modification was carried out to the 
untwisting spindle position. As can be seen, the three dismantling speeds produced essentially 
the same fibre length [L(w) and L(n)] and SFC values, confirming the positive consequences 
of the modifications made to the bench model in producing the first prototype. As mentioned 
in Section 5.2.2, dismantling speeds above 2 m/min were not possible, due to vibration of the 
untwisting spindle and malfunctioning of the drive mechanism, and it was therefore decided 
to use a “safe” dismantling speed of 1.5 m/min in the further evaluation of the first prototype 
yarn dismantler (see Section 6.1.2.2).   
 
 
Table 6.5:  Effect of Dismantling Speed on Dismantled Yarn Fibre Length Results  
(20 Tex Combed Yarn)* 
Dismantling Speed  
 (m/min) 
L (w) mm % SFC (w) L (n) mm %SFC (n) 
1 26.0 (1.4) 6.1 (9.6) 22.2 (2.3) 16.8 (8.6) 
1.5 25.9 (1.6) 6.1 (9.6) 22.2 (2.3) 16.3 (9.0) 
2 26.1 (1.3) 5.7 (9.2) 22.4 (2.2) 15.7 (9.4) 
    *%CV values given in brackets 
 
Table 6.6:  Effect of Dismantling Speed on Dismantled Yarn Fibre Length Results  
(25 Tex Combed Yarn)* 
Dismantling Speed  
(m/min) 
 (m/min) 
L (w) mm % SFC  (w) L (n) mm %SFC (n) 
1 23.9 (1.2) 8.5 (7.6) 20.2 (1.7) 21.1 (6.4) 
1.5 24.0 (1.9) 8.5 (13.2) 20.3 (2.9) 21.3 (12.3) 
2 23.9 (0.7) 8.6 (4.8) 20.2 (1.2) 21.3 (5.0) 
  *%CV values given in brackets 
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6.1.2.2   Dismantling Performance  
 
Fibre length and SFC results obtained in the trials carried out to assess the dismantling 
performance of the first prototype yarn dismantler, on 20 and 30 tex carded yarns and 25 tex 
combed yarn, after the necessary modifications were carried out on the untwisting spindle 
drive, are given in Tables 6.7 to 6.9 and Figures 6.1 to 6.3, the dismantling speed being kept 
constant at 1.5 m/min for these trials. 
 
     Table 6.7:  Fibre Length Results (20 Tex Carded Yarn)* 
 
 
 
 
 
 
 
*
* %CV values given in brackets 
 
 
       Table 6.8: Fibre Length Results (30 Tex Carded Yarn)* 
Sample  L (w) mm % SFC (w) UQL(w)mm L (n) mm %SFC (n) 
Roving               25.2 (1.9) 8.3 (13.5) 30.6(1.1) 21.0(3.3) 22.3 (11.4) 
Twistless strand  22.9 (1.8) 12.6 (7.2) 28.6(1.3) 18.3 (2.4) 30.7 (5.6) 
Dismantled Yarn 24.0 (1.9) 10.1 (12.8) 29.7(1.3) 19.7 (3.3) 25.6 (10.5) 
               * %CV values given in brackets 
 
Sample  L (w) mm % SFC (w) UQL(w) mm L (n) mm %SFC(n) 
Roving              25.1 (2.6) 9.0 (19.5) 30.6 (1.6) 20.6 (4.7) 23.9 (15.7) 
Twistless Strand  23.0 (1.1) 12.6 (6.1) 28.6 (0.8) 18.7 (1.9) 30.3 (4.9) 
Dismantled Yarn  23.5 (1.4) 11.3 (6.5) 29.2 (1.3) 19.1 (1.9) 27.7 (5.0) 
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   Figure 6.1: Fibre Length Results (20 Tex Carded  Figure 6.2: Fibre Length Results (30 Tex Carded 
         Yarn)                                       Yarn) 
       
 
Table 6.9:  Fibre Length Results (25 Tex Combed Yarn)* 
Sample  L (w) mm % SFC (w) 
UQL(W) 
mm 
L (n) mm %SFC (n) 
Roving                26.0 (2.5) 5.1 (25.4) 31.0 (2.0) 22.8 (4.4) 13.8 (23.5) 
Twistless Strand 
 
23.2 (1.9) 10.8 (12.4) 28.6 (1.4) 19.0 (3.4) 26.2 (11.0) 
Dismantled Yarn 24.0 (0.9) 8.7 (6.5) 29.5 (0.8) 20.2 (1.3) 21.6 (5.2) 
 * %CV values given in brackets 
 
      
                                        
            Figure 6.3:   Fibre Length Results (25 Tex Combed Yarn) 
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The results in Tables 6.7 to 6.9 and Figures 6.1 to 6.3 indicate that the fibres from the 
dismantled yarn had a slightly greater mean fibre length and lower SFC than the fibres from 
the twistless strand, the differences generally being statistically significant at the 95% level 
(see Tables 6.10 and 6.11). This once again indicates that the dismantling process does not 
damage or break fibres, whether carded or combed yarns are dismantled. 
 
 
Table 6.10:  Summary of statistical analysis (20 Tex and 30 Tex Carded Yarns)* 
20 Tex  30 Tex  
Dependent Variable Mean Difference  
 
Std. 
Error 
Sig. 
(p) 
Mean Difference  
 
Std. 
Error 
 
Sig. 
(p) 
L (w) mm 
  
  
Roving to Twistless 
Strand 
2.0900 0.2304 0.00* 2.2900 0.2304 0.00* 
Twistless Strand to 
Dismantled Yarn 
-.4600 0.2304 1.000 -.9900 0.2304 0.002* 
Roving to 
Dismantled Yarn 
1.6300 0.2304 0.00* .8600 0.2304 0.013* 
%SFC(w) 
Roving to Twistless 
Strand 
-3.5200 0.6462 0.00* -4.390 0.6462 0.000* 
 
Twistless Strand to 
Dismantled Yarn 
1.2600 0.6462 1.000 2.530 0.6462 0.007* 
 
Roving to 
Dismantled Yarn 
-2.2600 0.6462 0.03* -.5100 0.6462 1.000 
*Values < 0.05 in significant column indicate statistical difference at 95% level 
 
   Table 6.11:   Summary of statistical analysis (25 Tex Combed yarn)* 
25 TEX 
Dependent Variable        Mean Difference  Std. Error Sig. (p) 
L (w) mm 
  
  
Roving to Twistless Strand* 
2.8300 .2134 .000* 
Twistless Strand to 
Dismantled Yarn 
-.8400 .2134 .002* 
Roving to Dismantled Yarn* 
1.990 .2134 .000* 
%SFC(w) Roving to Twistless Strand* 
-5.6700 .5036 .000* 
 
Twistless Strand to 
Dismantled Yarn* 
2.1300 .5036 .001* 
 
Roving to Dismantled Yarn* 
-3.5400 .5036 .000* 
         * Values < 0.05 in significant column indicate statistical difference at 95% level  
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The slightly superior fibre length and SFC results of the fibres from the dismantled yarn vis-a-
vis those of the fibres from the twistless strand can perhaps be explained in terms of a loss of 
short fibres after the front roller nip when no twist is inserted in the emerging strand. The 
statistically significant increase in SFC and decrease in L(w) of the twistless strand fibres 
compared to the fibres from the roving, indicate fibre damage and breakage having occured 
during the drafting on the spinning frame (i.e. during the drafting of the roving), as was also 
found with the bench model. The fact that no differences were observed between the twistless 
strand and dismantled yarn results, when using the bench model, where-as differences were 
observed for the first prototype can be ascribed to the beneficial modifications introduced into 
the first prototype dismantler. 
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6.1.3 Summary of the Main Findings on the First Prototype Yarn Dismantler and 
further Development Requirements: 
 
1. Modifications found necessary on the bench model, and introduced on the first 
prototype enabled higher dismantling speeds to be achieved without any negative 
effect on the fibre length and SFC values.  
2. The length results [L(w)mm and SFC] obtained on the fibres from the dismantled yarn 
were very similar, if anything better, than those obtained on the fibres emerging from 
the nip of the front rollers of the ring frame before any twist was inserted (i.e. on the 
twistless strand). Therefore, according to these results, relative to the twistless fibrous 
strand, the yarn dismantler does not cause any apparent damage to the cotton fibres, as 
would be reflected in the mean fibre length and SFC results. The L(w) values obtained 
on the dismantled fibres were marginally higher, and the SFC values marginally 
lower, than those obtained on the fibres in the twisless strand, which indicated that 
some short fibres were lost and/or that some fibre straightening and crimp removal 
took place during twist insertion (and possibly even during steaming).  
3.  Comparing the results of the fibres from the rovings with those of the fibres from the 
twistless strands showed that there was a significant decrease in fibre length 
[L(w)mm] and an increase in SFC when the roving was drafted on the ring frame, 
indicating significant fibre breakage during the drafting process. This was also 
observed during the evaluation of the bench model. 
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6.1.4 Final Prototype  
 
6.1.4.1  Effect of Higher Dismantling Speeds    
 
The results of a trial conducted on the final prototype yarn dismantler to investigate the 
possibility of using higher dismantling speeds, after the different modifications were 
introduced to the final prototype dismantler, are given in Tables 6.12a, and 6.12b, and those 
of the statistical analysis in Table 6.13. 
 
     Tables 6.12a:  Effect of Dismantling Speed on Fibre Length in the Dismantled Yarn  
(40 Tex Carded Yarn) 
Dismantling 
speed (m/min) 
L (w) mm % SFC  (w) UQL(w)mm L (n) mm %SFC (n)  
2  24.6 9.6 30.2 20.1 24.8 
3  24.3 9.9 30.0 20.1 24.3 
4.5  24.8 9.2 30.3 20.3 24.0 
 
   
 Tables 6.12b:  Effect of Dismantling Speed on Fibre Length in the Dismantled Yarn  
    (40 Tex Combed Yarn) 
Dismantling 
speed (m/min) L (w) mm % SFC  (w) UQL(w)mm L (n) mm %SFC (n)  
2 25.1 7.6 30.7 21.3 19.8 
3  25.0 8.2 30.1 20.8 21.7 
4.5  24.7 8.4 30.1 20.5 22.1 
 
 
As can be seen from Tables 6.12a and b to 6.13, increasing the dismantling speed up to 4.5 
m/min did not affect any of the fibre length parameters, including SFC, significantly, although 
for the combed yarn, there was a trend for fibre length and SFC to deteriorate slightly as the 
speed increased. It was decided to use the 2 m/min dismantling speed for all subsequent 
experiments, since the instrument functioned very well at this speed, and the time taken ( + 10 
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min) to dismantle the required length of yarn was considered as acceptable from a practical 
point of view. 
 
Table 6.13:  Summary of Statistical Analysis* 
40 Tex Combed Yarn 40 Tex Carded Yarn  
Dependent 
Variable 
Dismantling 
Speed 
(m/min) 
Mean Difference  
 
Std. 
Error 
P 
Sig. 
Mean Difference  
 
Std. 
Error 
P 
Sig. 
L (w) mm 
  
  
2m         3m .0800 .3203 1.000 .2600 .3203 1.000 
2m      4.5m .4200 .3203 1.000 -.2200 .3203 1.000 
%SFC(w) 2m         3m -.6200 .6513 1.000 -.0400 .6513 1.000 
 
2m      4.5m -.8600 .6513 1.000 .4000 .6513 1.000 
     *A value of p<0.05 indicates a statistically significant difference at the 95% confidence level 
 
 
 
6.1.4.2   Comparison of Dismantler and Manual Dismantling 
 
As a verification of the dismantler performance of the final prototype, some tests were carried 
out, in which the length results, including SFC, obtained on fibres from the prototype 
dismantled yarns where compared with those obtained on fibres from manually dismantled 
yarns. Manual and dismantler dismantling was carried out on four different 40 tex yarns 
produced along the pilot plant carded route. From the results given in Table 6.14, it is 
apparent that the length results obtained on fibres from the manually dismantled yarns did not 
differ significantly or consistently from those obtained on fibres from the dismantler 
dismantled yarns. The slight and not consistent difference (generally less than 1% absolute), 
between the SFC results, could be due to some short fibre loss during the manual dismantling 
(as was in fact observed). On the basis of these results it was, therefore, concluded that the 
yarn dismantler produces very similar, if not identical, fibre length results to the very tedious 
and time consuming manual method, when dismantling cotton yarns into their component 
fibres.   
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Table 6.14: Length Results for Fibres Obtained from Manually and Mechanically 
(Dismantler) Dismantled Yarns (40 Tex, 510 tpm) 
Fibre Properties Cotton Dismantled  Yarn by Hand 
Dismantled  Yarn by  
Dismantler 
L (w) mm 
CA522 21.3 21.1 
CA527 23.1 23.1 
CA209 26.5 26.7 
CA180 24.1 24.4 
% SFC (w) 
CA522 16.6 17.7 
CA527 11.1 11.7 
CA209 7.9 7.0 
CA180 12.0 12.9 
UQL(w)mm 
CA522 26.7 26.7 
CA527 28.5 28.5 
CA209 32.3 32.3 
CA180 30.7 30.5 
L (n) mm 
CA522 16.3 16.3 
CA527 18.3 18.1 
CA209 20.8 21.6 
CA180 19.0 18.3 
%SFC(n) 
CA522 39.0 40.0 
CA527 30.0 31.0 
CA209 24.0 23.0 
CA180 33.0 34.0 
% 2.5 L(n)mm 
CA522 34.8 34.5 
CA527 36.3 35.6 
CA209 39.6 39.4 
CA180 38.6 38.1 
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6.1.4.3     Performance under Commercial Mill Conditions 
 
Some trials were carried out in a mill to assess, and demonstrate, the operation, functioning 
and reproducibility of the final prototype yarn dismantler under commercial conditions and on 
commercially produced 25 tex carded and combed yarns. Statistical analysis was carried out 
to establish whether the fibre length results of the commercial lots of roving, twistless strand 
and dismantled yarn differed statistically significantly. It was found that, for the parameters 
studied, namely L(w), SFC(w), UQL(w) and 2.5%L(n), the differences between the three 
fibrous states were all significant at the 95% confidence level.  Typical results are shown in 
Table 6.15 and Figure 6.4. It can be seen that, in all cases, for both the combed and carded 
routes, the fibre lengths [L(w), UQL(w) and the 2.5%L(w)], in the twistless strands were 
lower, and the SFC higher, than those in the corresponding rovings and dismantled yarns, 
similar trends having been observed in the trials involving the first prototype. This indicates, 
first of all, that significant fibre breakage occured when drafting the rovings on the spinning 
frame, thereby decreasing the fibre length and increasing the short fibre content. It indicated 
also, that the process of inserting twist into the twisless strand as it emerged from the front 
roller nip of the spinning frame appeared to cause a loss of relatively short fibres as fly, and 
possibly also the removal of crimp/convolutions from the fibre, resulting in a straighter fibre 
and consequently a higher fibre length and lower SFC in the dismantled yarn. During the twist 
insertion, short fibres (fly) are lost through suction and released into the atmosphere as was 
found by Youngblood (1977), this being reflected in the results obtained on the fibre from the 
dismantled yarn.  For example, the SFC(w) obtained on the dismantled carded yarns (8.5%) 
was lower than that in the strand (13.5%), while the fibre length, L(w), in the dismantled yarn 
(24.8 mm) was higher than that in the twistless strand (22.6 mm).  A similar pattern occurred 
in the case of the UQL(w) and 2.5%L(n) results, and also for the combed route. The fibre 
length and SFC values obtained on fibres from the roving were slightly higher and lower, 
respectively, than the corresponding values on fibres from the dismantled yarn, this being 
attributed to the already mentioned fibre breakage during drafting on the ring frame. The 
results also indicated that the final prototype yarn dismantler performed very well under mill 
conditions, and in terms of the fibre length and SFC values, better than the two previous 
versions. The results, particularly the CVs given in Table 6.15 for 5 and 30 results, 
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respectively, also show the very good reproducibility of all the tests, including those done on 
fibres from the dismantled yarn. According to the results given in Table 6.15 and Figure 6.5, 
the following approximate relationships apply for both the 25 tex combed and carded yarns 
studied here:   
 
SFC(w) Roving = SFC(w) Yarn  x 0.7    in (%)   --- (1) 
and    
L(w) Roving = L(w) Yarn x 1.06          in (mm)  --- (2) 
 
 
TABLE 6.15:  Fibre Length Results (25 Tex Commercial Carded and Combed Yarns) 
 
 Length 
Parameter 
CARDED COMBED 
     Roving Twistless 
Strand 
Dismantled 
Yarn 
Roving Twisless 
Strand 
Dismantled 
Yarn 
 n=5 n=30  n=30  n=5 n=30   n=5 n=30  n=30 n=5 n=30 
L(w)mm 26.0 25.9 22.6 24.7 24.8 26.8 27.0 23.4 25.2 25.3 
CV(%) 2.3 1.4 1.6 2.3 1.2 1.8 1.5 2.2 1.0 0.33 
%SFC(w) 7.1 7.0 13.5 8.4 8.5 4.0 3.5 9.1 5.8 6.0 
CV(%) 11.0 10.2 10.3 10.6 5.6 5.7 5.1 8.5 4.3 4.1 
UQL(w)mm 31.4 31.2 28.3 30.3 30.4 31.7 31.8 28.6 30.3 30.3 
CV(%) 1.8 1.1 0.8 1.8 0.8 1.7 1.0 1.8 1.3 0.2 
2.5%L(n)mm 38.9 38.3 35.3 37.2 37.4 40.0 39.5 35.3 37.3 37.6 
CV(%) 1.3 1.2 1.5 1.3 0.9 2.8 2.0 1.5 0.9 0.7 
n = number of specimens tested           
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Figure 6.4:   A Comparison of Length Results of fibres obtained from the Roving, Twistless         
Strand and Dismantled Yarn, respectively (Carded and Combed) 
 
 
 
On the basis of the above results, it was concluded that the yarn dismantler, in its final 
prototype form, could be used, and functioned very well, even when yarn is produced under 
industrial (commercial) mill conditions, giving consistent and reproducible results. 
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6.1.5 Summary of Main Findings on Final Prototype Yarn Dismantler 
  
The bench model yarn dismantler required certain modifications to its untwisting and fibre 
collection units, as well as to the drive mechanisms in order for it to function consistently, 
effectively and well at acceptable dismantling speeds. The following is a summary relating to 
the development and evaluation of the final prototype yarn dismantler: 
 
 Various modifications were carried out at the different stages of the development of 
the final prototype model followed by assessment trials, to achieve the desired 
performance of the yarn dismantler. The position of the untwisting spindle and its 
drive mechanism were changed. The fibre collection drum, including its suction unit, 
as well as the drive mechanism were changed and a new steam unit was installed. A 
new electronic control unit also had to be installed as a result of these changes.   
 Statistical analysis of the fibre length results of roving, twistless strand and dismantled 
carded and combed yarns, of different linear densities and twist levels, indicated 
certain significant differences between the results of the fibres from the three sources. 
The results indicated that fibres were broken during the final drafting process on the 
ring frame, and that short fibre loss probably occurred during twist insertion.  
 According to the results obtained, there were no statistically significant differences in 
mean fibre length [L(w)] and SFC due to the different dismantling speeds for the 
carded and combed yarns, although there was a slight increase in SFC and a marginal 
decrease in mean fibre length [L(w)] as well as UQL for the combed yarn when 
dismantling speed was increased from 2 m/min to 4.5 m/min. Although this slight 
effect of speed on the combed yarn results was not statistically significant, it was 
decided to use the slower dismantling speed, i.e. 2 m/min, for all subsequent 
experiments, since the dismantling time was still acceptable from a practical point of 
view. 
 The repeatability/reproducibility and functioning of the dismantling process on 
commercial yarns produced under commercial conditions at a spinning mill was 
assessed. It was found that one length of dismantled yarn, followed by the AFIS tests 
on 5 specimens (sub-samples) obtained from the dismantled yarn, were adequate to 
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obtain accurate and reliable fibre length values, such as L(w), %SFC(w), UQL(w), and 
2.5%L(n). It was concluded that the fibre length results, based upon fibres derived 
from the dismantled yarns, were highly reproducible and repeatable.  
 
 
In summary, the original bench model Yarn Dismantler was modified and developed into a 
final prototype model which proved to be capable of reliably and reasonably quickly, 
dismantling a yarn, into its constituent fibres. Such fibres can then be analysed for its 
properties, such as length and length distribution, using an AFIS fibre testing instrument. 
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6.2 PRACTICAL APPLICATIONS OF THE YARN DISMANTLER 
 
6.2.1   Distinguishing between Carded and Combed Yarns 
 
Quality control laboratories are often requested to perform the very difficult task of 
establishing whether a specific yarn is a carded or a combed one, or whether a specific article 
(fabric or garment) was produced from a carded or combed yarn. It was considered very 
worthwhile to investigate the potential of the yarn dismantler in distinguishing between 
combed and carded cotton yarns. The AFIS results from the trial conducted on commercial 
yarns produced under commercial conditions were used for this purpose. To do this it was 
necessary to focus on those generic or specific differences between carded and combed yarns, 
or at least between the rovings from which they were produced, considered to be the most 
appropriate within this context. To this end, attention was turned to the relevant Uster 
Statistics of 1997 and 2007. 
The range of %SFC(w) values for 5 to 95% of the world‟s carded and combed yarns (Uster 
Statistics) are shown in Table 6.16, while the corresponding values for trash and dust are 
shown in Table 6.17. Tables 6.16 and 6.17, taken from Uster Statistics, indicate that SFC(w), 
Trash and Dust are parameters which could be investigated in terms of identifying the most 
suitable parameters, for distinguishing between carded and combed yarns in practice, and in 
the process, providing an opportunity for the application of the yarn dismantler for this 
purpose. Clearly so, however, the dismantled yarn results would first of all need to be 
“corrected/converted” to the corresponding values in the roving. In order to test this 
hypothesis, analyses were carried out on the AFIS data obtained on the commercial 25 tex 
carded and combed yarns, to establish if the length and trash parameters obtained on a 
dismantled yarn can be used to establish whether a yarn is carded or combed.  It appeared that 
L(w) or SFC(w) or a combination of the four length parameters [L(w), SFC(w), UQL(w), 
2.5%L(n)], have potential for discriminating between the two combed and carded samples 
used in this study. If the Uster Statistics values, of rovings are consulted, it can be shown that 
the SFC(w) values overlap slightly for carded and combed rovings, indicating that SFC(w), on 
its own, may not be a sufficient measure to distinguish between carded and combed yarns and 
that trash and dust values should be used to classify the border line cases.    
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        TABLE 6.16:  %SFC(w) Values of Combed and Carded Rovings and Associated 
Yarn Linear Densities Obtained from Uster Statistics 
 
Uster 
Statistics 
(year) 
 
 
 
1997 
Yarn Linear 
Density (Tex) 
%SFC(w) 
Combed Roving Carded Roving Carded or Combed 
Roving 
15 2.4 – 6.0 5.1 – 10.0 5.1 – 6.0 
20 2.6 – 6.5 5.3 – 10.0 5.3 – 6.5 
25 2.9 – 6.7 5.5 – 10.0 5.5 – 6.7 
30 3.1 – 7.0 5.6 – 10.0 5.6 – 7.0 
40 3.5 – 7.2 5.8 – 10.0 5.8 – 7.2 
2007 All 2.0 – 8.0 6.2 – 12.8 6.2 – 8.0 
 
 
     TABLE 6.17:  Trash and Dust Values of Combed and Carded Rovings for the Associated 
Yarn Linear Densities Obtained from Uster Statistics 
 
Uster 
Statistics 
(year) 
Yarn 
Linear    
Density 
(Tex) 
               Trash (Count/g)               Dust (Count/g) 
Combed 
Roving 
Carded 
Roving 
Carded or 
Combed 
Roving 
Combed 
Roving 
Carded 
Roving 
Carded or 
Combed 
Roving 
 
 
1997 
    10 0 – 0.2 - - 9.5 – 39 - - 
    15 0.1 – 1.0 0.15 – 15 0.15 – 1.0 16 – 55 40 – 170 40 – 55 
    20 0.16 – 1.2 0.28 – 16 0.28 – 1.2 17 – 58 45 – 180 45 – 58 
    25 0.22 – 1.5 0.45 – 17 0.45 – 1.5 17 – 65 50 –180 50 – 65 
    30 0.3 – 1.8 0.65 – 19 0.65 – 1.8 18 – 70 55 – 190 55 – 70 
    40 0.45 – 2.0 1.2 – 20 1.2 – 2.0 18 – 85 62 – 195 62 – 85 
2007    All 0.2 – 3.5 2.0 – 16   2    -   3.5 5 – 35 16 – 140 16 – 35 
 
 
Therefore, according to the Uster Statistics given in Table 6.16, a SFC(w) value in the roving 
of 5% or less almost certainly indicated that it was produced along the combed route, while a 
value of 8% or higher indicated that, with a certain degree of certainty, the roving was 
produced along the carded route, the values between 5 and 8 representing a “grey (overlap)” 
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area. Applying the correction factor derived in Section 6.1.4.3 (i.e. equation 1) to the results 
obtained on the fibres from the 25 tex carded and combed dismantled yarns covered in 
Section 6.1.4.3 (see Table 6.15), gave a “roving” SFC value of 4.1%, as derived from the 
dismantled combed yarn, and a value of 5.9% for the carded roving, derived in a similar way 
from the dismantled yarn results. According to the Uster values in Table 6.16, the 4.1 %SFC 
value indicated that the yarn was a combed one. The 5.9% obtained for the carded yarn 
represented a “borderline case”, falling in the overlap region, and it would not be possible in 
practice to classify it with certainty as being either a carded or combed yarn on this basis 
alone. 
To further explore this approach, attention was turned to the use of trash and dust results, in 
addition to the SFC results. The AFIS trash and dust results obtained on one tube each of the 
present 25 tex combed and carded yarns, as well as for rovings from which the yarns were 
spun, are given in Table 6.18. As can be seen from Table 6.18, the dust and trash values 
obtained on the fibres from the dismantled yarns and rovings, respectively, were fairly 
similar. This was not unexpected, since visual observation indicated that little trash and dust 
particles were lost during the dismantling process. The combed dismantled yarn contained 29 
dust particles per gram. According to Table 6.17 for a 25 tex yarn, if the number of dust 
particles in the roving was less than 50 per gram then it was very likely to be a combed 
roving. The dust value of the carded dismantled yarn was 67 (count /gram).  This falls just 
outside the combed/carded overlap region (50 to 65 particles per gram) for rovings (25 tex 
yarn) and the yarn can therefore be classified as carded, although it is a borderline decision. 
Similar conclusions can be drawn from the Uster Statistics 2007.  
 
TABLE   6.18:  Trash and Dust Values of Rovings and Dismantled Yarn  
(Carded and Combed)*  
 
Process Sample 
Type 
Trash and Dust 
(Count/g) 
Trash 
(Count/g) 
Dust (Count/g) 
Combed 
Yarn 31 2 29 
Roving 34 2 32 
Carded 
Yarn 71 4 67 
Roving 69 5 64 
         *n = 30 throughout 
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Finally, comparing the trash particle count (trash size > 500µm) of 4 per gram in dismantled 
carded yarn with the Uster 25 tex values in Table 6.17, it can be seen that the yarn could 
correctly be classified as carded, since combed roving trash counts rarely exceeded 1.5 per 
gram. The same conclusion also applied if the 2007 Uster Statistics were used. The trash 
count of the combed roving (Table 6.18) was 2 particles per gram and according to Table 6.17 
it could be classified as “borderline” if the 1997 Uster Statistics were used, and on the 
“border” if 2007 Uster Statistics were used. On balance, therefore, the yarn could be classified 
as combed. The above reasoning was based on the assumption that the roving and dismantled 
yarn produced the same results for AFIS dust and trash, which is generally supported by the 
results given in Table 6.18. The above aspects are summarized in Table 6.19. 
 
 
TABLE 6.19:   Summary of Classification of Yarns as Carded or Combed Based Upon either          
the 1997 or 2007 Uster Statistics for Rovings and Dismantled Yarn Results 
 *Corrected values, using a correction factor of 0.7 
 
 
Based upon the 1997 Uster Statistics, it can be concluded that, using the SFC(w) and dust 
values, the combed yarn would in fact correctly have been classified as a combed yarn.  
Although the SFC(w) of the carded yarn was in the overlap region, using its trash and dust 
values would have resulted in it being correctly classified as carded.  Based upon the 2007 
Uster Statistics, the SFC(w), dust and trash values could be used to correctly classify the yarn 
 
AFIS Lenght 
Parameter 
 
Classification of Dismantled Yarns 
Combed Yarn (Dismantled) Carded Yarn (Dismantled) 
Value Criterium: 
Uster 
Statistics 
1997 (25 Tex) 
Criterium: 
Uster 
Statistics 
2007 
Value Criterium: 
Uster 
Statistics 
1997 (25 Tex) 
Criterium: 
Uster 
Statistics 
2007 
%SFC(w)*     
 
4.1 Combed Combed 6.0 Carded/ 
Combed 
Combed 
(borderline) 
Dust (Cnt/g) 29 Combed Carded/ 
Combed 
67 Carded Carded 
Trash 
(Cnt/g) 
2 Carded 
(borderline) 
Combed 4 Carded Carded 
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as combed.  Although the carded yarn SFC(w) values corresponded to those of a combed 
(borderline) material, its dust and trash values could be used to correctly classify it as carded.  
 
 
6.2.1.1  Summary of Findings  
 
The AFIS test results from the trial conducted on commercial yarns produced under 
commercial conditions were used to assess one of the possible practical applications of the 
yarn dismantler, namely distinguishing between carded and combed cotton yarns. It was 
shown that the use of the SFC(w), Trash and Dust values of dismantled yarns (determined by 
the AFIS instrument), together with the corresponding USTER Statistics (1997 or 2007), has 
potential for classifying a yarn as being either carded or combed, when this is not known. 
Further work in this area is, however, required to confirm the potential of the yarn dismantler 
in correctly distinguishing between combed and carded yarns in practice.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
141 
 
6.2.2 Changes in Cotton Fibres Properties during the Various Processing Stages 
 
As already mentioned, an important application of the Yarn Dismantler is its ability to enable 
changes in fibre properties from roving to yarn and fabric, i.e. at the yarn and fabric 
manufacturing stages, to be determined reasonably quickly and cost effectively, these being 
the final links in the cotton manufacturing pipeline. 
    
In order to identify and quantify any changes in cotton fibres properties during the various 
processing stages, from lint to yarn, statistical analyses were carried out on the results of the 
various length parameters, maturity, fineness and nep count, differences between the different 
processing stages being tested for significance at the 95% confidence level, using the SPSS 
Statistics 20 software.  
 
The various fibre properties of the eight different cottons, as measured at the lint stage,  on the 
AFIS Multi Data Versions 4.0 and 4.22, are given in Tables 6.20 and 6.21, respectively. 
These specific fibre properties are the ones most likely to be affected by the various 
processing stages, and the results obtained are discussed in the following sections.    
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Table 6.20: Fibre Properties of Cottons as Measured on the AFIS Multi Data Version 4.0  
 
 
 
 
  
 
 
L (w) 
[mm] 
L(w)
CV 
[%] 
SFC(w) 
[%] 
UQL(w) 
[mm] 
L (n) 
[mm] 
L (n)  
CV 
[%] 
SFC(n) 
[%] 
5%L(n) 
[mm] 
2.5%L(n) 
[mm] 
D (n) 
[µm] 
TashS
ize 
[µm] 
Dust 
[Cnt/g] 
Trash 
[Cnt/g] 
VFM 
[%] 
Nep 
Size 
[µm] 
Nep 
count 
[Cnt/g] 
 
198 
Mean 25.3 32.8 8.1 31.0 20.6 48.2 24.2 35.1 37.3 12.9 276 205 26 0.6 767 271 
S.D. 0.5 1.0 0.7 0.6 0.5 1.3 1.4 0.6 0.6 0.2 41.4 69.2 11.4 0.3 20.1 39.5 
 CV (%) 1.9 3.0 8.2 1.8 2.5 2.7 5.8 1.6 1.5 1.3 15.0 33.7 43.2 52.8 2.6 14.5 
                  
 
521 
Mean 24.4 30.7 7.0 29.1 20.5 44.0 20.9 32.9 35.2 12.7 286 306 39 1.0 756 280 
S.D. 0.4 1.3 1.0 0.4 0.6 2.4 2.5 0.4 0.5 0.1 36.9 82.5 13.2 0.4 27.2 28.1 
CV (%) 1.5 4.3 14.7 1.2 3.0 5.3 12.1 1.4 1.4 1.1 12.9 27.0 34.2 39.6 3.6 10.0 
                  
 
524 
Mean 21.7 32.6 10.6 26.1 17.9 46.2 26.8 30.0 32.1 13.0 247 533 60 2.5 801 432 
S.D. 0.5 1.1 1.2 0.6 0.6 1.8 2.4 0.7 0.7 0.2 59.6 116.9 23.4 4.0 23.7 52.1 
 CV (%) 2.4 3.4 11.3 2.5 3.4 4.0 9.1 2.4 2.2 1.3 24.1 21.9 39.2 158. 3.0 12.0 
                  
 
178 
Mean 24.4 34.2 9.2 30.0 19.6 49.7 26.3 34.5 36.9 12.5 297 383 59 1.3 763 305 
S.D. 0.4 1.0 0.9 0.5 0.5 1.4 1.8 0.5 0.7 0.1 35.4 119.3 19.4 0.5 22.5 31.2 
 CV (%) 1.8 2.8 9.6 1.7 2.4 2.8 6.7 1.6 1.8 1.1 11.9 31.1 33.1 43.6 2.9 10.2 
Parameter
Cotton   
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Table 6.21: Fibre Properties of Cottons as Measured on the AFIS Multi Data Version 4.22  
 
 
 
L (w) 
[mm] 
L (w) 
CV 
[%] 
UQL(w) 
[mm] 
SFC(w) 
[%] 
L (n) 
[mm] 
L (n)  
CV 
[%] 
SFC (n) 
[%] 
5%L(n) 
[mm] 
2.5%L(n)  
[mm] 
Fineness 
[mtex] 
IFC 
[%] 
Mat 
Ratio 
Nep 
Size 
[µm] 
Nep 
count 
[Cnt/g] 
SCN 
Size 
[µm] 
SCN 
count 
[Cnt/g] 
 
180 
Mean 24.6 39.6 31.0 12.7 18.0 60.5 36.6 35.0 37.8 147 9.1 0.81 688 320 1171 18 
S.D. 0.02 1.4 0.02 1.2 0.02 1.8 2.3 0.02 0.03 3 0.6 0.01 21 40 199 9 
CV (%) 2.1 3.6 1.14 9.8 3.5 2.9 6.2 1.3 1.7 1.9 6.3 1.2 3.1 13 17 48 
                  
 
209 
Mean 25.6 35.0 31.0 9.0 19.6 55.0 29.8 35.0 37.6 167 6.3 0.88 695 159 1190 18 
S.D. 0.01 1.1 0.01 0.8 0.02 1.9 2.1 0.02 0.02 3 0.7 0.01 32 19 197 7 
CV (%) 1.4 3.0 1.1 9.2 2.8 3.5 7.2 1.2 1.3 1.9 11 1.3 4.6 12 17 36 
                  
 
522 
Mean 21.3 42.3 27.0 17.3 15.5 60.8 42.0 30.7 33.8 143 10 0.78 687 399 1175 19 
S.D. 0.02 1.2 0.02 1.3 0.01 1.4 2.0 0.02 0.03 2 0.6 0.01 20 33 165 8 
CV (%) 1.9 2.9 1.8 7.3 2.4 2.3 4.7 1.7 2.1 1.5 5.6 1.2 3.0 8 14 42 
                  
 
527 
Mean 22.6 38.3 27.7 12.9 17.0 56.7 35.3 31.2 34.0 158 7.7 0.84 681 221 1245 12 
S.D. 0.01 1.1 0.01 0.8 0.01 1.1 1.4 0.02 0.02 2 0.5 0.01 31 27 332 7 
CV (%) 1.5 2.8 1.2 5.9 2.1 2.0 3.9 1.5 1.9 1.4 6.6 1.0 4.5 12 27 62 
 
 
Parameter
s 
Cotton  
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6.2.2.1    Miniature Processing    
 
To assess the changes in fibre properties during processing, under laboratory conditions, the 
eight cottons were processed into 40 tex/600 tpm yarns on the Platt miniature spinning 
system, the atmospheric conditions, sampling and testing being as detailed under the 
appropriate Experimental sections. The fibres were tested at the different processing stages, 
using the AFIS Version 4.22 system. It is necessary to point out that, although eight cottons 
were processed through the miniature spinning system, the samples of four cottons were only 
tested for this part of the analyses, due to logistical and other considerations.   
  
 
 Mean Fibre Length [L(w)]  
 
From Table 6.22 and Figure 6.5 it can be seen that the mean fibre length was reduced 
significantly during the Shirley Analyser opening and cleaning process, indicating 
considerable fibre breakage as a result of the associated mechanical opening and cleaning 
actions on the cotton. Carding had a very small and inconsistent effect on the mean fibre 
length, while each drawframe passage, particularly the first one after carding, caused an 
increase in mean fibre length. The increase in fibre length due to drawing could be due to the 
straightening and parallelisation of the fibres and also to partial fibre crimp removal, as well 
as some short fibre loss. The mean fibre length in the dismantled yarns was very similar to 
that in the third drawframe sliver (input to the ringframe). Statistical analysis of the results 
showed that the differences were significant, at the 95% confidence level, for the Shirley 
Analyser opening and cleaning process, and for the 1st drawing passage, for all of the 
samples.  
 
 
 
 
 
145 
 
Table 6.22:  Mean Fibre Length [L(w) in mm] at the different Processing Stages** 
    Process         
 
Lot          
Lint 
Shirley 
Analyser 
Card 
1
st
 
drawframe 
2
nd
 
drawframe 
3
rd
 
drawframe 
40 tex 
600 tpm 
Yarn*** 
CA180 
SE=.004 
24.6 22.9* 22.6 24.1* 24.1 24.4 24.1 
CA209 
SE=.005 
25.6 23.9* 24.1 24.9* 25.6* 25.6 25.9 
CA522 
SE=.005 
21.3 19.8* 19.6 21.1* 21.3* 21.6 21.6 
CA527 
SE=.004 
22.6 20.8* 21.1 22.9* 23.1 23.4 23.9 
     Significant differences at 95% confidence level are indicated by * (P<0.05) 
     SE – Standard Error 
     **Statistical significance tested between successive processing stages  
     *** Dismantled yarn 
 
 
 
     
Figure 6.5:  Mean Fibre Length [L(w)] at the different Processing Stages 
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Upper Quartile Length [UQL(w)] 
 
As can be seen from Table 6.23 and Figure 6.6, the upper quartile length [UQL(w)] of the 
fibres decreased as a result of the Shirley Analyser process, remained approximately the same 
during carding, and increased with the 1
st
 drawing passage, after which it did not change 
consistently, the trends and explanations being much the same as those for L(w).  
 
          Table 6.23: Upper Quartile Length [UQL(w)mm] at the different Processing Stages** 
         Process   
 
Lot        
Lint 
Shirley 
Analyser 
Card 
1
st
 
drawframe 
2
nd
 
drawframe 
3
RD
  
drawframe 
40 tex     
600 tpm 
yarn*** 
CA180 
SE=.005 
31.0 29.5* 29.0 30.0* 30.0 30.0 30.0 
CA209 
SE=.004 
31.0 30.0* 30.0 30.5* 31.0* 30.7 31.0 
CA522 
SE=.005 
27.0 25.7* 25.4 26.4* 26.9* 26.9 26.9 
CA527 
SE=.004 
27.7 26.4* 26.4 28* 28.2 28.5 28.7 
Significant differences at 95% confidence level are indicated by * (p<0.05) 
 SE – Standard Error 
**Statistical significance tested between successive processing stages  
 *** Dismantled yarn 
 
 
           
       Figure 6.6 :  Upper Quartile Length [UQL(w)] at the different Processing Stages  
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Short Fibre Content [SFC(w) and SFC(n)]  
 
As can be seen from Tables 6.24 and 6.25 and Figures 6.7 and 6.8, the two measures of short 
fibre content, namely SFC(w) and SFC(n), showed very similar trends and will thus be 
discussed as one, namely short fibre content (SFC). There was a substantial increase in short 
fibre content as a result of the opening and cleaning by the Shirley Analyser, indicating 
considerable fibre breakage, as was also reflected in the mean fibre length and UQL results. 
Carding tended to decrease SFC slightly, but not consistently, whereas drawing decreased the 
SFC significantly, particularly the first passage, probably due to the straightening and 
parallelisation of the fibres, some short fibre loss and also partial removable of fibre crimp. 
The SFC results for the dismantled yarns were very similar to those for the 3
rd
 drawframe 
sliver, indicating very little effect of the miniature ringframe drafting and twist insertion on 
SFC, probably due to the fact that a twistless sliver (3
rd
 drawframe sliver), serves as the input 
to the ring frame, as opposed to the twisted roving input normally used for pilot- and full-
scale spinning. The SFC values obtained on fibres from the dismantled yarns were lower than 
those obtained on fibres from the lint, indicating that short fibres possibly lost when 
processing the lint into yarn on the miniature system. 
 
      Table 6.24:  Short Fibre Content [SFC(w) in %] at the different Processing Stages** 
                 Process 
 
Lot 
Lint 
Shirley 
Analyser 
Card 
1st 
drawframe 
2nd 
drawframe 
3rd  
drawframe 
40 tex  
 600 tpm 
yarn*** 
CA180 
SE=0.27 
12.7 16.9* 16.6 11.9* 11.7 10.9 11.0 
CA209 
SE=0.34 
9.0 12.8* 11.8 9.2* 7.5* 7.4 7.3 
CA522 
SE=0.5 
17.3 22.3* 22.9 17.5* 16.1 15.2 14.7 
CA527 
SE=0.3 
12.9 18.2* 17.2* 11.6* 11.0 10.4 9.2 
   Significant differences at 95% confidence level are indicated by * (P<0.05) 
   SE – Standard Error 
  **Statistical significance tested between successive processing stages  
  *** Dismantled yarn 
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          Figure 6.7 : Short Fibre Content [SFC(w)] at the different Processing Stages   
 
             
 
            Table 6.25:  Short Fibre Content [SFC(n) in %] at the different Processing Stages** 
    Process 
 
Lot 
Lint 
Shirley 
Analyser 
Card 
1st 
drawframe 
2nd 
drawframe 
3rd  
drawframe 
40 tex   
600 tpm 
Yarn*** 
CA180 36.6 43.2* 42.0 32.5* 31.5 29.3 29.5 
CA209 29.8 37.1* 34.0* 26.9* 22.6* 22.1 21.9 
CA522 42.0 48.8* 49.0 40.2* 37.3* 35.4 34.2 
CA527 35.3 43.9* 41.6* 30.3* 28.8 27.3 24.7* 
          Significant differences at 95% confidence level are indicated by * (P<0.05) 
 SE – Standard Error 
           **Statistical significance tested between successive processing stages  
   *** Dismantled yarn 
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  Figure: 6.8: Short Fibre Content [SFC(n) in %] at the different Processing Stages 
 
 
 
 
Fibre Nep Count  
 
The neps/gram for the four different cottons at each of the processing stages are shown in 
Table 6.26 and Figure 6.9. For all four cottons, the number of neps increased during the 
Shirley Analyser opening and cleaning, but decreased substantially during carding, these 
changes being statistically significant at the 95% confidence level, except for one result 
(Table 6.26). There was a slight reduction in neps during the 1
st
 drawing passage, which 
could be due to fibre straightening and disentangling of some loosely structured neps, this 
being significant at the 95% confidence level in two of the four cases. In all four cases, two of 
which are statistically significant at the 95% confidence level, the number of neps in the 
dismantled yarn were higher than those in the 3
rd
 drawframe slivers, which could possibly be 
due to the consolidation of loosely constructed fibrous clusters during twist insertion, or the 
creation of nep like structures during the dismantling process. 
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Table 6.26:  Nep (count/g) at the different Processing Stages** 
     Process 
 
Lot 
Lint 
Shirley 
Analyser 
Card 
1
st
 
drawframe 
2
nd
 
drawframe 
3
rd
  
drawframe 
40 tex  
600 tpm 
yarn*** 
CA180 
SE=0.005 
320 364* 82* 70 61 64 90* 
CA209 
SE=4.07 
159 169 53* 44 34 34 39 
CA522 
SE=6.6 
399 466* 126* 83* 81 79 95* 
CA527 
SE=4.64 
221 258* 61* 45* 44 44 49 
      Significant differences at 95% confidence level are indicated by * (P<0.05) 
      SE – Standard Error 
      **Statistical significance tested between successive processing stages  
      *** Dismantled yarn 
 
 
 
 
 
Figure 6.9 : Nep (count/g) at the different Processing Stages 
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Fibre Linear Density (mtex) 
 
As can be seen from Table 6.27 and Figure 6.10, the Shirley Analyser opening and cleaning 
process caused a small decrease in the fibre linear density, the decrease being statistically 
significant for three of the four cottons. The decrease could be due to the removal of trash 
particles or relatively coarse fibres. Subsequent processes, particularly the first drawframe 
passage, increased the average linear density, which could be as a result of the removal, or 
loss, of relatively fine, short and immature fibres during these processes. As indicated in 
Table 6.27, these increases are mostly statistically significant at the 95% confidence level. 
There was no significant difference between the fibre linear density of the dismantled yarn 
fibres and that of the 3
rd
 drawframe fibres. The average increase in fibre linear density, from 
lint to dismantled yarn, was approximately 10%. 
 
 
Table 6.27:  Fibre Linear Density (mtex) at the different Processing Stages** 
    Process 
 
Lot 
Lint 
Shirley 
Analyser 
Card 
1st 
drawframe 
2nd 
drawframe 
3rd  
drawframe 
40 tex 
600 tpm 
yarn*** 
CA180 
SE=0.58 
147 142* 144* 157* 160* 162* 163 
CA209 
SE=1.12 
167 164 169* 178* 188* 189 186 
CA522 
SE=0.62 
143 137* 138 146* 151* 152 154 
CA527 
SE=0.65 
158 152* 154* 166* 169* 172* 173 
     Significant differences at 95% confidence level are indicated by * (P<0.05) 
     SE – Standard Error 
     **Statistical significance tested between successive processing stages  
     *** Dismantled yarn 
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Figure 6.10 :  Fibre Linear Density (mtex) at the different Processing Stages  
 
 
 
Fibre Maturity Ratio  
 
The maturity ratio results, given in Table 6.28 and Figure 6.11, show that the maturity ratio 
decreased slightly during the opening and cleaning action of the Shirley Analyser, the 
decrease being statistically significant at the 95% confidence level. Carding did not change 
the maturity ratio significantly. Maturity ratio increased substantially during the progressive 
drawing stages, being about 7% higher after the first drawing process, all the increases, but 
one, being statistically significant. Maturity ratio of the dismantled yarn fibres also showed a 
slight increase compared to the 3
rd
 drawframe fibres, which could be the result of a loss of 
short immature fibres during twisting and/or the effect of steaming on the dismantled fibres. 
The maturity ratio at the yarn stage was, on average, 8.4% higher than that at the lint stage.  
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Table 6.28:  Maturity Ratio at the different Processing Stages** 
     Process 
 
Lot 
Lint 
Shirley 
Analyser 
Card 
1
st
 
drawframe 
2
nd
 
drawframe 
3
rd
  
drawframe 
40 tex    
600 tpm 
yarn*** 
CA180 
SE=.003 
0.81 0.79* 0.79 0.85* 0.86* 0.87* 0.89* 
CA209 
SE=.004 
0.88 0.87* 0.89* 0.92* 0.95* 0.96 0.96 
CA522 
SE=.003 
0.78 0.75* 0.74 0.79* 0.82* 0.83* 0.84 
CA527 
SE=.003 
0.84 0.81* 0.81 0.87* 0.88* 0.90* 0.92* 
      Significant differences at 95% confidence level are indicated by * (P<0.05) 
      SE – Standard Error 
     **Statistical significance tested between successive processing stages  
     *** Dismantled yarn 
 
 
 
 
 
      Figure 6.11 :  Maturity Ratio at the different Processing Stages  
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Immature Fibre Content (% IFC) 
   
As can be seen from Table 6.29 and Figure 6.12, the Shirley Analyser increased the IFC 
significantly for three of the four cottons, the results being in keeping with the observed 
changes in maturity ratio. Carding did not affect the IFC consistently. The IFC decreased 
with each process after carding, the largest decrease taking place during the 1
st
 drawframe 
passage, the decrease being in line with the observed increase in maturity ratio. The IFC of 
the dismantled fibres was slightly lower than that of the fibres in the 3
rd
 drawframe sliver, the 
differences being statistically significant in only one case. The values for the dismantled yarn 
were, on average some 26% lower than those for the lint, which reflects the substantial effect 
which processing, in this case miniature processing, can have on IFC levels, an aspect worth 
investigating further. 
 
 
Table 6.29:  IFC levels (%) at the different Processing Stages** 
     Process 
 
Lot 
Lint 
Shirley 
Analyser 
Card 
1st 
drawframe 
2nd 
drawframe 
3rd 
drawframe 
40 tex 
600 tpm 
Yarn*** 
CA180 
SE=0.15 
9.1 10.1* 9.9 8.0* 7.6 7.3 6.7 
CA209 
SE=0.19 
6.3 6.5 6.4 5.7* 4.8* 4.6 4.2 
CA522 
SE=0.18 
10.2 11.0* 11.7* 10.0* 8.7* 8.4 8.1 
CA527 
SE=0.15 
7.7 8.4* 8.5 6.8* 6.5 6.1 5.6* 
             Significant differences at 95% confidence level are indicated by * (P<0.05)  
  SE – Standard Error 
**Statistical significance tested between successive processing stages  
 *** Dismantled yarn 
 
 
 
 
 
155 
 
 
 
Figure 6.12 :  IFC levels at the different Processing Stages 
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Seed Coat Neps (SCN)  
 
From the results shown in Table 6.30 and Figure 6.13, it can be seen that the seed coat neps 
(SCN) decreased during the Shirley Analyser opening and cleaning, for three of the four 
cottons, while carding, as could be expected, removed a significant number, between 30 to 
50%, of the SCN in all four cases. The SCN at the yarn stage being, on average, some 65% 
lower than at the lint stage.   
 
Table 6.30:  SCN (count/g) at the different Processing Stages** 
 
               
S
i
g
n
i
f
i
c
a
n
t differences at 95% confidence level are indicated by * (P<0.05) 
   SE – Standard Error 
**Statistical significance tested between successive processing stages  
 *** Dismantled yarn        
           
            
 
 Figure 6.13 : SCN (count/g) at the different Processing Stages 
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Lot 
Lint 
Shirley 
Analyser 
Card 
1
st
 
drawframe 
2
nd
 
drawframe 
3
rd
 
drawframe 
40 tex 
600 pm 
Yarn*** 
CA180 
SE=1.43 
18 15 9* 11 9 10 5* 
CA209 
SE=1.46 
18 15 10* 11 11 10 8 
CA522 
SE=1.27 
19 14* 7* 9 8 8 7 
CA527 
SE=1.4 
12 12 5* 7 7 6 4 
157 
6.2.2.2    Pilot Scale Processing (Carded Yarn Route)   
 
As detailed under Experimental, seven out of eight cottons were processed on the pilot scale 
spinning route, the atmospheric conditions, sampling and testing being detailed under the 
appropriate Experimental sections. It is necessary to point out that, although seven cottons 
were processed through the pilot scale spinning system, fineness and maturity results were 
only available for four of the lots.   
 
 
Mean Fibre Length [L(w)] 
  
From Table 6.31 and Figure 6.14 it can be seen that the mean fibre length [L(w)] decreased 
slightly during the first opening and cleaning stage, which is an indication of fibre breakage 
resulting from the associated mechanical treatments, this being confirmed by the concomitant 
increases in SFC, as will become evident later (SFC section). The results confirm those of 
Anwar (1973), who found that, in spite of the removal of short fibres during opening and 
carding, these processes reduced both the 2.5 and 50% span lengths. There is generally an 
improvement in fibre length during carding compare to opening and cleaning process, in 
some cases quite substantial, probably due to the removal of some short fibres. The mean 
fibre length also increased slightly during drawing, which may be due to some fibre crimp 
removal (fibre straightening), as well as an actual loss of short fibres, similar trends having 
been observed by Oxenham et al. (1995) and Suh et al. (1997). There was no consistent trend 
in fibre length, when going from the 2
nd
 drawframe to the roving, but there was a very 
significant decrease in the fibre length in the twistless strand (i.e. before twist insertion). This 
shows that fibre breakage occurred during the drafting stage on the ring spinning frame, the 
SFC also increasing significantly in the process (see SFC section). The results obtained on 
the fibres from the dismantled yarns reflect a significant increase in mean fibre length, which 
could be due to a loss of short fibres, as fly, during twist insertion and through suction at the 
ringframe, as well as fibre crimp removal (fibre straightening). Statistical analysis was carried 
out to establish whether the fibre length results, at consecutive stages of processing, differed 
statistically significantly. It was found that the differences in L(w), were mostly significant at 
the 95% confidence level, between the lint and the 1
st
 opening and cleaning, between the card 
158 
and the 1
st
 drawframe passage and between the 2
nd
 drawframe passage and roving. 
Furthermore, the differences between the roving and the twistless strand and between the 
latter and dismantled yarns were significant in all cases. It is also apparent from Figure 6.14 
that the seven cottons generally showed very similar trends, irrespective of their fibre lengths. 
From Figure 6.14 it can be seen that, in general, L(w) tended to decrease as a result of the 
initial cleaning/opening process, whereafter it tended to increase up to the roving stage, as 
was also observed during miniature spinning. It then decreased sharply during the drafting 
process on the ringframe (i.e. the twistless strand), after which it increased again in the 
dismantled yarn, L(w) in the dismantled yarn was, on average, about 5% higher than that in 
the lint. The magnitude of these changes could be the function of the fibre tensile and other 
properties, an aspect which warrants further investigation in future.   
 
 
Table 6.31:  Mean Fibre Length [L(w) in mm] at the different  Processing stages**  
                     
   Significant differences at 95% confidence level are indicated by * (P<0.05) 
   SE – Standard Error 
   **Statistical significance tested between successive processing stages  
   *** Dismantled yarn 
   
 
 
 
   Process 
 
Lot 
Lint 
1st 
cleaning 
2nd 
cleaning 
Card 
1st 
drawframe 
2nd 
drawframe 
Roving 
40 tex 
twistless 
strand 
40 tex 
510tpm 
yarn*** 
CA198 
SE=0.12 
25.3 24.7*  25.0 25.2 25.6* 25.7 25.6 24.3* 26.9* 
CA521 
SE=0.12 
24.4 24.0*  24.2 24.5 24.9* 26.0* 26.5* 24.5* 26.9* 
CA524 
SE=0.01 
21.7 21.5 21.5 21.9* 22.5* 23.0* 23.4* 21.0* 23.6* 
CA180 
SE=0.005 
24.6 23.9* 24.1 24.1 24.4 24.6 24.4 22.6* 24.1* 
CA209 
SE=.004 
25.7 24.9* 25.2* 25.9* 26.4* 26.2  26.2 24.9* 26.7* 
CA522 
SE=0.005 
21.3 20.8* 21.1 21.1 22.1* 22.1 21.6* 19.3* 21.1* 
CA527 
SE=0.004 
22.6 22.1* 22.1 22.6* 23.1* 23.4 23.1* 21.6* 23.1* 
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Figure 6.14:  Mean Fibre Length, [L(w) in mm] at the different  Processing Stages 
 
 
 
 
Upper Quartile Length [UQL(w)] 
 
Table 6.32 and Figure 6.15 show that the upper quartile length [UQL(w)] of the cotton fibres 
exhibited very similar changes and trends during processing, as those observed for L(w), the 
different cottons once again showing similar trends. Similar considerations and explanations, 
as those expounded under the Mean Fibre Length section, therefore apply here as well.  
 
 
 
 
 
 
18
20
22
24
26
28
M
ea
n
 F
ib
re
 L
en
gt
h
 -
 L
(w
)m
m
 CA198
CA521
CA524
CA180
CA209
CA522
CA527
160 
 
Table 6.32:  Upper Quartile Length, [UQL (w) in mm] at the different Processing stages** 
   Process 
 
Lot 
Lint 
1
st
 
cleaning 
2
nd
 
cleaning 
Card 
1
st
 
drawframe 
2
nd
 
drawframe 
Roving 
40 tex 
twistless 
strand 
40 tex 
510 tpm 
yarn*** 
CA198 
SE=0.12 
31.0 30.4* 30.7 31.2* 31.7* 31.9 32.1 31.4* 33.8* 
CA521 
SE=0.11 
29.1 28.7* 28.9 29.4* 29.9* 30.9* 31.5* 30.8* 32.7* 
CA524 
SE=0.11 
26.1 26.0 26.0 26.6* 27.4* 27.8* 28.5* 26.7* 29.1* 
CA180 
SE=.005 
31.0 30.5 30.7 30.5 30.7 31.0 30.7 29.2* 30.5* 
CA209 
SE=.003 
31.0 30.5* 30.7* 31.5* 31.8* 31.8 31.5 31.0* 32.3* 
CA522 
SE=.005 
26.9 26.7 26.7 26.7 27.7* 27.4 26.9* 24.9* 26.7* 
CA527 
SE=.004 
27.7 27.4 27.4 27.9* 28.2* 28.5* 28.5 27.2* 28.5* 
Significant differences at 95% confidence level are indicated by * (P<0.05) 
SE – Standard Error 
**Statistical significance tested between successive processing stages  
 *** Dismantled yarn 
 
 
 
             
      Figure 6.15:  Upper Quartile Length, [UQL (w) in mm] at the different Processing Stages  
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Short Fibre Content [%SFC(w) and %SFC(n)] 
 
Tables 6.33 and 6.34 and Figures 6.16 and 6.17 show that the short fibre content [%SFC(w) 
and %SFC(n)], increased significantly during the 1
st
 opening and cleaning process for 
virtually all the cottons, and then tended to decrease during carding, particularly in the case of 
SFC(n). This is in line with the findings of Zhu and Ethridge (1997). In most cases, the SFC 
decreased during drawing but increased during the roving stage, after which there was a very 
significant increase in SFC from the roving to the twistless strand, i.e. during drafting on the 
ringframe. The substantial increase in SFC during drafting on the ringframe is ascribed to 
fibres being broken during the final drafting process, as discussed earlier. During the actual 
twist insertion, short fibres are lost as fly through suction and into the surrounding 
atmosphere (Youngblood, 1977) which is reflected in the results obtained on the fibres from 
the dismantled yarns, where the SFC values for the dismantled yarn were significantly lower 
than those for the twistless strand, the mean fibre length and upper quartile length being 
correspondingly higher, as discussed previously. The SFC(w) in the dismantled yarn was, on 
average, about 10% lower than that in the lint, about 32% lower than that in the twistless 
strand and about 10% higher than that in the roving.   
 
Table 6.33:  Short Fibre Content [SFC(w) in %] at the different Processing Stages**  
   Process 
 
Lot 
Lint 
1st 
cleaning 
2nd 
cleaning 
Card 
1st 
drawframe 
2nd 
drawframe 
Roving 
40 tex 
twistless 
strand 
40 tex 
510 tpm 
yarn*** 
CA198 
SE=0.24 
8.1 9.1* 8.8 8.6 8.2 8.2 9.5* 14.4* 8.5* 
CA521 
SE=0.22 
7.0 7.7 7.5 7.4 7.5 6.2* 6.2 12.2* 7.0* 
CA524 
SE=0.27 
10.6 11.3 11.4 11.2 10.8 9.8* 9.9 18.4* 11.3* 
CA180 
SE=0.28 
12.7 14.2* 13.8 13.3 12.2* 11.6 12.3 17.3* 12.9* 
CA209 
SE=0.2 
9.0 10.5* 9.9 8.4* 7.1* 7.1 7.7 10.4* 7.0* 
CA522 
SE=0.36 
17.3 18.6* 17.9 18.0 14.8* 14.7 16.3* 23.1* 17.7* 
CA527 
ES=0.24 
12.9 14.5* 14.5 13.0* 11.2* 10.3* 11.2* 16.2* 11.7* 
      Significant differences at 95% confidence level are indicated by * (P<0.05) 
      SE – Standard Error 
      **Statistical significance tested between successive processing stages  
      *** Dismantled yarn 
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Figure 6.16:   Short Fibre Content, [SFC(w) in %] at the different Processing Stages  
 
 
Table 6.34:  Short Fibre Content, [SFC(n) in %] at the different Processing Stages**  
   Process 
 
Lot 
Lint 
1
st
 
cleaning 
2
nd
 
cleaning 
Card 
1
st
 
drawframe 
2
nd
 
drawframe 
Roving 
40 tex 
twistless 
strand 
40 tex 
510 tpm 
yarn*** 
CA198 
SE=0.52 
24.2 26.3* 25.7 23.5* 22.0 22.0 24.9* 37.7* 25.2* 
CA521 
SE=0.5 
20.9 23.0* 22.3 20.6* 20.3 17.8* 17.8 34.2* 22.0* 
CA524 
SE=0.52 
26.8 28.2 28.9 26.7* 25.9 23.8* 24.2 42.3* 29.6* 
CA180 
SE=0.5 
36.6 39.8* 39.1 36.9* 34.0* 32.3* 33.0 42.5* 33.9* 
CA209 
SE=0.44 
29.8 33.4* 32.0* 27.9* 24.0* 22.9 24.6* 31.4* 22.6* 
CA522 
SE=0.59 
42.0 44.6* 43.3 42.3 36.5* 35.7 38.1* 48.0* 31.9* 
CA527 
SE=0.46 
35.3 39.1* 39.1 35.3* 30.9* 28.5* 30.2* 39.8* 30.7* 
      Significant differences at 95% confidence level are indicated by * (P<0.05) 
      SE – Standard Error 
      **Statistical significance tested between successive processing stages  
      *** Dismantled yarn 
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Figure 6.17:   Short Fibre Content, [SFC(n) in %] at the different  Processing Stages  
 
 
 
Nep levels  
 
The results for the number of neps/gram for the seven different cottons at the different 
processing stages are shown in Table 6.35 and Figure 6.18. It can be seen that the number of 
neps, for all seven cottons, increased substantially during the 1
st
 opening and cleaning 
process, due to the mechanical actions on the cottons (beating and pulling), but then 
decreased substantially during carding, due to the card disentangling (opening) and removing 
neps, all these changes being statistically significant at the 95% confidence level. There was a 
slight, but consistent, reduction in the number of neps resulting from the 1
st
 drawing process, 
which could be due to straightening of fibres and disentangling of some loosely structured 
neps, the differences being significant at the 95% confidence level in two cases only. After 
this, there was a slight, and not always consistent, increase in the number of neps up to the 
roving stage, which could be the result of the mechanical forces and actions on the fibres 
causing some fibre entanglement and nep formation. These results confirm those of Kluka et 
al. (1998) and Frydrych et al. (2001), who found that there was a noticeable increase of neps 
during the opening/blending process, followed by a large reduction (34 to 64%) during 
10
15
20
25
30
35
40
45
50
%
 S
FC
 (
n
) 
 
CA198
CA521
CA524
CA180
CA209
CA522
CA527
164 
carding. Hamilton et al. (2012) also found that nep levels increased through each blowroom 
process, with the carding greatly reducing the nep levels (by approximately 75%). From the 
roving (i.e. input to the ringframe) to the twistless strand, there was a slight decrease in neps 
for 6 out of the 7 cottons, which could be as a result of some neps being disentangled during 
the drafting on the ringframe. The results on the dismantled yarn indicate an increase, 
sometimes only slight, in the number of neps for all the cottons, although in only one cotton 
(CA522) was the increase statistically significant. This increase in neps, which is in line with 
the miniature spinning results, could be due to twisting consolidating the neps, or the yarn 
dismantler creating, or else consolidating loose nep structures, so that they are not 
disentangled during the AFIS test. By and large, the different cottons showed the same trends 
as they proceeded through the various processing stages. On average, the nep levels in the 
dismantled yarn were about 53% lower than those in the lint, largely due to the reduction in 
neps during carding. 
 
Table 6.35:  Nep Levels (Cnt/G) at the different Processing Stages** 
   Process 
 
Lot 
Lint 
1
st
 
cleaning 
2
nd
 
cleaning 
Card 
1
st
 
drawframe 
2
nd
 
drawframe 
Roving 
40 tex 
twistless 
strand 
40 tex 
510 tpm 
yarn*** 
CA198 
SE=7.5 
272 513* 528 98* 75* 70 72 66 81 
CA521 
SE=8.24 
281 538* 524 119* 90 80 85 72 93 
CA524 
SE=8.8 
432 664* 662 143* 128 133 135 117 132 
CA180 
SE=7.7 
320 529* 537 178* 157 174 191 197 204 
CA209 
SE=6.4 
159 321* 308 86* 70 78 87 86 93 
CA522 
SE=8.4 
399 674* 675 233* 195* 228* 258* 224* 277* 
CA527 
SE=5.5 
221 396* 370* 96* 87 92 106 101 113 
       Significant differences at 95% confidence level are indicated by * (P<0.05) 
       SE – Standard Error 
       **Statistical significance tested between successive processing stages  
       *** Dismantled yarn 
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    Figure 6.18:   Nep Levels (Counts/g) at the different Processing Stages  
 
 
Fibre Linear Density (mtex) 
 
The linear density results obtained on the four cotton varieties tested on the AFIS maturity 
module, at the different stages of processing, are shown in Table 6.36 and Figure 6.19. The 
average fibre linear density changed slightly, but not always consistently, during the first and 
second cleaning stages, but then increased consistently in the subsequent stages, right up to 
the roving, except for cotton CA209, which showed a decrease in linear density during the 
roving stage. The observed increase in the linear density could be the result of relatively fine, 
short and immature fibres being removed or lost during carding and during drawing, these 
results confirming those of Frydrych et al. (2001) who found that there was a systematic 
increase in fibre fineness in the successive stages of the spinning process. With few 
exceptions, the above mentioned changes were statistically significant at the 95% confidence 
level. There was a fairly large decrease in the linear density of the fibres in the twistless 
strands, compared to that in the roving. This result is difficult to explain, since it indicates the 
preferential loss of coarse fibres, or possibly fibre stretching and breakage of some long 
fibres, during the drafting process on the ringframe. It could also be due to an artifact effect 
explained by Simonton et al. (2000), namely that drawing results in fibre straightening and 
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parallelisation, and crimp removal, which the AFIS measures as finer fibres. The linear 
density of the fibres from the dismantled yarns showed a fairly large increase, which could be 
due to relatively immature short fibre loss (fly) during twisting and through suction. All these 
changes were statistically significant at the 95% confidence level. The results obtained here, 
for the pilot scale processing route, were generally in line with those obtained with the 
miniature spinning system. On average, the linear density of the fibres in the dismantled yarn 
was some 8.6% higher than that in the lint.  
 
Table 6.36: Fibre Linear Density (mtex) at the different Processing Stages** 
   Process 
 
Lot 
Lint 
1
st
 
cleaning 
2
nd
 
cleaning 
Card 
1
st
 
drawframe 
2
nd
 
drawframe 
Roving 
40 tex 
twistless 
strand 
40 tex 
510 tpm 
yarn*** 
CA180 
SE=0.62 
147 145 144 148* 155* 158* 165* 148* 160* 
CA209 
SE=0.8 
167 171* 165* 173* 177* 192* 185* 173* 185* 
CA522 
SE=0.66 
143 138* 138 144* 149* 150 158* 141* 150* 
CA527 
SE=0.58 
158 152* 155* 161* 167* 170* 176* 158* 173* 
       Significant differences at 95% confidence level are indicated by * (P<0.05) 
       SE – Standard Error 
       **Statistical significance tested between successive processing stages  
       *** Dismantled yarn 
 
 
        
         Figure 6.19:   Fibre Linear Density (mtex) at the different Processing Stages 
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 Fibre Maturity Ratio 
 
The maturity ratio results are shown in Table 6.37 and Figure 6.20. From lint to second 
cleaning, the maturity ratio changed very little, being only slightly lower (by 0.02 units) after 
the second cleaning process than in the lint. After the second cleaning stage, the maturity 
ratio increased significantly at each processing stage from the card up to, and including, the 
roving, the only real exception being cotton CA209, which showed a decrease at the roving 
stage, as was also the case for the fibre linear density. The maturity ratio was, on average, 
about 7% higher in the roving than in the lint, with all the increases being statistically 
significant. These results confirm those of Swiech and Frydrych (1998) and Frydrych et al. 
(2001) who found a systematic increase in fibre maturity ratio in the successive stages of the 
spinning process. Similar trends were observed during the miniature spinning process. In all 
cases the maturity ratio decreased significantly from the roving to the twistless strand, and 
then increased significantly from the twistless strand to the dismantled yarns, the levels in the 
dismantled yarn being very similar to those in the roving. The trends observed for maturity 
ratio were almost identical to those observed for fibre linear density, suggesting that 
relatively fine and immature fibres were preferentially lost during processing from lint to the 
roving, as well as during twist insertion on the ring frame, possibly due to such fibres being 
relatively short and easily broken. In contrast to this, the maturity ratio and fibre linear 
density decreased significantly during the conversion (drafting) of the roving into a twistless 
strand, which is difficult to explain. On average, the maturity ratio of fibres in the dismantled 
yarn was some 12% higher than that of the fibres at the lint stage. 
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Table 6.37:  Fibre Maturity Ratio at the different Processing Stages** 
   Process 
 
Lot 
 
Lint 
1st 
cleaning 
2nd 
cleaning 
 
Card 
1st 
drawframe 
2nd 
drawframe 
 
Roving 
40 tex 
twistless 
strand 
40 tex 
510 tpm 
yarn*** 
CA180 
SE=.003 
0.81 0.80* 0.79 0.79 0.83* 0.85* 0.87* 0.81* 0.86* 
CA209 
SE=.003 
0.88 0.89* 0.87* 0.90* 0.92* 0.97* 0.94* 0.91* 0.95* 
CA522 
SE=.003 
0.78 0.76* 0.75 0.77* 0.81* 0.81 0.84* 0.77* 0.82* 
CA527 
SE=.003 
0.84 0.80* 0.82* 0.84* 0.87* 0.88* 0.90* 0.83* 0.90* 
     Significant differences at 95% confidence level are indicated by *(P<0.05) 
     SE – Standard Error 
     **Statistical significance tested between successive processing stages  
     *** Dismantled yarn 
 
 
 
 
 
   
Figure 6.20:   Fibre Maturity Ratio at the different Processing Stages  
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Immature Fibre Content [IFC (%)] 
   
The immature fibre content (IFC) results (Table 6.38 and Figure 6.21) tend to broadly show 
the opposite trend to that of maturity ratio and linear density, which was not entirely 
unexpected, since one would normally expect that if relatively fine and immature fibres were 
preferentially removed during processing, it would increase the maturity ratio and linear 
density, but decrease the immature fibre content (IFC). Therefore, the same comments and 
explanations apply to IFC as to maturity ratio. This, therefore, tends to confirm the 
preferential removal of relatively immature fibres in the processes following carding, 
including the roving process, as well as during twist insertion, the IFC levels in the roving 
being, on average, some 15% lower than those in the lint. These results are in line with those 
of Frydrych et al. (2001) who found that IFC decreased systematically in the successive 
stages of the spinning process. The values obtained on the fibres from the dismantled yarn 
were, on average, some 15% lower than the corresponding values in the lint, which indicates 
that processing can reduce the IFC quite significantly. 
 
 
Table 6.38:  Immature Fibre Content (IFC%) at the different Processing Stages** 
  Process 
 
Lot 
 
Lint 
1
st
 
cleaning 
2
nd
 
cleaning 
 
Card 
1
st
 
drawframe 
2
nd
 
drawframe 
 
Roving 
40 tex 
twisless 
strand 
40 tex 
510 tpm 
yarn*** 
CA180 
SE=0.16 
9.1 9.9* 10.2 10.4 9.2* 7.8* 7.7 10.3* 8.0* 
CA209 
SE=0.14 
6.3 6.4 6.4 6.2 4.8* 4.5 5.0* 6.2* 4.5* 
CA522 
SE=0.17 
10.2 11.0* 11.1 11.0 9.2* 9.1 8.6 11.1* 9.1* 
CA527 
SE=0.14 
7.7 8.8* 8.8 8.2* 7.2* 6.9 6.4* 8.3* 6.6* 
     Significant differences at 95% confidence level are indicated by * (P<0.05) 
     SE – Standard Error 
     **Statistical significance tested between successive processing stages  
     *** Dismantled yarn 
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      Figure 6.21:  Immature Fibre Content (IFC%) at the different Processing Stages 
 
 
Seed Coat Neps (SCN) 
 
The seed coat nep (SCN) results are shown in Table 6.39 and Figure 6.22, from which it can 
be seen that seed coat nep levels tend to increase during the opening and cleaning processes, 
with one cotton (CA209) showing a significant increase, which could be as a result of 
relatively large seed particles being broken into smaller pieces, which are counted separately. 
It is also apparent that carding removed a significant number (about half) of the SCN, with 
the subsequent processing stages, up to roving, having very little further effect on SCN 
levels. These results confirm those of (Frydrych et al., 2001) who found a noticeable increase 
in seed coat neps in cotton during opening/blending, followed by a large reduction of 34 to 
64%, during carding. The drafting process on the ring frame reduced the SCN levels, as also 
did the twist insertion process, which could be explained in terms of some seed coat neps 
being disentangled and/or lost during the drafting and twisting processes on the ringframe. 
On average, the seed coat nep levels in the dismantled yarn were some 50% lower than those 
in the lint.   
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Table 6.39:  Seed Coat Neps - SCN (Count/g) at the different Processing Stages** 
  Process 
 
Lot 
 
Lint 
1st 
cleaning 
2nd 
cleaning 
 
Card 
1st 
drawframe 
2nd 
drawframe 
 
Roving 
40 tex 
twistless 
strand 
40 tex 
510 tpm 
yarn*** 
CA180 
SE=1.5 
18 21 23 13* 12 12 14 11 9 
CA209 
SE=1.5 
18 32* 19* 11* 10 13 14 12 8 
CA522 
ES=1.6 
19 20 21 12* 12 16 15 11 9 
CA527 
SE=1.4 
12 15 19 8* 9 9 11 9 8 
      Significant differences at 95% confidence level are indicated by * (P<0.05) 
      SE – Standard Error 
      **Statistical significance tested between successive processing stages  
      *** Dismantled yarn 
 
 
    
  
Figure 6.22:  Seed Coat Neps - SCN (Cnt/g) at the different Processing Stages  
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6.2.2.3    Pilot Scale Processing (Combed Yarn Route)   
  
It is necessary to point out that, although four cottons were processed through the pilot scale 
combed route, the results for only two cottons were available for this part of the analysis, and 
this needs to be kept in mind in the following discussion. There is, therefore, a need for more 
work to be carried out in future to verify the results obtained here. 
 
Mean Fibre Length [L(w)]   
 
As can be seen from Table 6.40 and Figure 6.23, the mean fibre length [L(w)] decreased very 
slightly during the first cleaning process, after which it increased steadily up to, and 
including, the pre-comber drawframe passage. It then increased by more than 10% during 
combing, as a result of short fibre removal, this finding is in line with those of Zhu and 
Ethridge (1997), with the subsequent drawing process having little effect on fibre length. 
There was a slight increase in fibre length in the roving and then a very significant decrease 
in the twistless strand, which indicates significant fibre breakage during the drafting on the 
ringframe, as also observed for the carded yarn route. As in the case of the carded yarn route, 
the mean fibre length in the dismantled yarns was significantly higher than that in the 
twistless strand, which once again indicates a loss of short fibres (as fly) during twist 
insertion and through suction at the ringframe and/or fibre straightening (crimp removal). It 
was found that, for both cottons, the differences in L(w), were significant at the 95% 
confidence level for the combing and roving processes, as well as for the ringframe drafting 
and twisting processes. The mean fibre length values obtained on fibres taken from the 
dismantled yarn were very similar to those of the fibres in the roving, but much higher 
(longer) than those in the lint, largely due to the effect of combing on fibre length. These 
results are in broad agreement with those obtained for the carded yarn route (Section 6.2.2.1). 
This would need to be borne in mind when applying the yarn dismantler in practice, and 
when trying to relate the results obtained on dismantled combed yarn to those of the lint. 
Further work, however, is indicated to verify the results obtained here on only two cotton 
lots. 
 
173 
 
Table 6.40:  Mean Fibre Length, [L(w) in mm] at the different Processing Stages** 
   Process 
 
Lot 
Lint 
1st 
cleaning 
2nd 
cleaning 
Card 
Pre-Comb  
drawframe 
Combed 
Draw-
frame 
Roving 
40 tex 
twistless 
strand 
40 tex 
510 tpm 
yarn*** 
521 
SE=0.1 
24.4 24.0* 24.2 24.4 24.9* 27.5* 27.4 28.3* 26.8* 28.2* 
524 
SE=0.1 
21.8 21.5 21.6 21.9 22.2 25.0* 24.9 25.6* 24.1* 26.2* 
     Significant differences at 95% confidence level are indicated by * (P<0.05) 
     SE – Standard Error 
     **Statistical significance tested between successive processing stages  
     *** Dismantled yarn 
 
 
 
Figure 6.23 :  Mean Fibre Length, [L(w) in mm] at the different Processing Stages 
 
 
Upper Quartile Length [UQL(w)] 
 
From Table 6.41 and Figure 6.24 it can be seen that, as could be expected, the upper quartile 
length results generally followed the same trends as those observed for mean fibre length, 
although the magnitude of the changes was generally smaller, indicating that L(w) was more 
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sensitive to processing effects than UQL(w).  The UQL(w) increased by almost 7% as a 
result of combing, due to short fibre removal, while drawing had little effect. The same 
comments and explanations given for L(w) in the Mean Fibre Length section, therefore also 
apply to UQL(w). The UQL(w) results obtained on the fibres from the dismantled yarn were, 
on average, some 17% higher than those obtained on the lint fibres. 
 
 
 Table 6.41:  Upper Quartile Length [UQL(w) in mm] at the different Processing Stages** 
   Process 
 
Lot 
Lint 
1st 
cleaning 
2nd 
cleaning 
Card 
Pre-comb  
drawframe 
Combed 
Draw-
frame 
Roving 
40 tex 
twistless 
strand 
40 tex 
510 pm 
yarn*** 
521 
SE=.09 
29.
1 
28.7* 28.9 29.1 29.8* 32.0* 31.9 32.7* 32.4 33.5* 
524 
SE=0.1 
26.
2 
26.1 26.1 26.5 26.8* 29.2* 29.2 29.9* 29.3* 31.1* 
   Significant differences at 95% confidence level are indicated by * (P<0.05) 
   SE – Standard Error  
   **Statistical significance tested between successive processing stages  
   *** Dismantled yarn 
 
 
 
Figure 6.24:  Upper Quartile Length [UQL(w) in mm] at the different Processing Stages 
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Short Fibre Content [%SFC(w) and %SFC(n)] 
 
As can be seen from Tables 6.42 and 6.43 and Figures 6.25 and 6.26, the SFC(w) and SFC(n) 
results showed very similar trends, and will be discussed as one. The short fibre content was 
increased only slightly, but significantly by the 1
st
 opening and cleaning process for both 
cottons, whereas carding did not consistently affect the SFC values. Combing decreased SFC 
by more than 50% due to the removal of short fibres, which is one of the main functions of 
combing. The post-combing drawframe process did not change SFC, where-as the roving 
process reduced both SFC(w) and SFC(n) slightly, probably due to the loss of short fibres as 
fly. SFC increased very significantly (more than doubled) from the roving to the twistless 
strand, indicating significant fibre breakage during drafting on the ringframe. The SFC in the 
dismantled yarns was significantly lower than that in the twistless strands, indicating a 
significant loss of short fibres during the twist insertion process. The trends observed here for 
the combed route were the same as those observed for the carded route. On average, the SFC 
in the dismantled yarn was 50 and 40% lower than that in the lint for SFC(w) and SFC(n), 
respectively. This being largely due to the effect of combing on SFC, somewhat offset, 
however, by the increase in SFC on the ringframe. 
 
Table 6.42:  Short Fibre Content [SFC(w) in %] at the different Processing Stages** 
    Process 
 
Lot 
Lint 
1st 
cleaning 
2nd 
cleaning 
Card 
Pre-Comb 
drawframe 
Combed 
Draw-
frame 
Roving 
40 tex 
twisless 
strand 
40 tex 
510 tpm 
yarn*** 
521 
SE=0.18 
7.0 7.7* 7.5 7.6 7.3 2.9* 3.0 2.4* 6.4* 4.0* 
524 
SE=0.23 
10.5 11.3* 11.3 11.1 10.9 4.6* 4.7 4.0 9.0* 4.8* 
 Significant differences at 95% confidence level are indicated by * (P<0.05) 
 SE – Standard Error 
 **Statistical significance tested between successive processing stages  
 *** Dismantled yarn 
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Table 6.43:  Short Fibre Content [SFC(n) in %] at the different Processing Stages** 
   Process 
 
Lot 
Lint 
1st 
cleaning 
2nd 
cleaning 
Card 
Pre-Comb  
drawframe     
Combed 
Draw-
frame 
Roving 
40 tex 
twisless 
strand 
40 tex 
510 tpm 
yarn*** 
521 
SE=0.46 
20.9 23.0* 22.3 21.1 20.2 8.5* 8.7 7.0* 20.8* 13.7* 
524 
SE=0.49 
26.8 28.5* 28.5 26.4* 25.6 12.1* 12.3 10.8 25.2* 14.8* 
      Significant differences at 95% confidence level are indicated by * (P<0.05) 
      SE – Standard Error  
      **Statistical significance tested between successive processing stages  
      *** Dismantled yarn 
 
 
 
               
       Figure 6.25:  Short Fibre Content [SFC(w) in %] at the different Processing Stages 
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       Figure 6.26:  Short Fibre Content [SFC(n) in %] Results at the different Processing Stages 
 
 
 
Fibre Neps  
 
The results for the number of neps/gram (Cnt/g) for the different processing stages are shown 
in Table 6.44 and Figure 6.27. It can be seen that, as observed for the carded route, the 
number of neps was increased substantially by the 1
st
 opening and cleaning process, while 
carding reduced the number of neps, by between 75 and 80%, which is what could be 
expected when the card wires are sharp and in good condition, these changes being 
statistically significant at the 95% confidence level. There was a small reduction in neps 
during the pre-comber drawing process, which could be due to the straightening of fibres and 
the disentangling of some loosely formed neps, the decrease not being significant at the 95% 
confidence level. The combing process reduced the number of neps by about half, confirming 
the efficiency of the comb in removing neps, this result and that of carding, confirm those 
found by Frydrych et al. (2001), namely, that a reduction of between 34 and 59% in nep 
levels occurs during combing, while Schwippl and Peter (2000) also found similar trends. 
There was a slight decrease in nep levels in the twistless strands, which could be as a result of 
some neps being disentangled by the ringframe drafting system. The number of neps in the 
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dismantled yarns was some 45% higher than that in the twistless strand. Similar trends were 
observed for the carded yarn route.  The number of neps in the fibres from the dismantled 
yarn was, on average, some 92% lower than that in the lint, due to the efficient nep reduction 
by the comber.  
 
Table 6.44:  Nep Levels (Cnt/g) at the different Processing Stages** 
   Process 
 
Lot 
Lint 
1
st
 
cleaning 
2
nd
 
cleaning 
Card 
Pre-Comb   
drawframe 
Combed 
Draw-
frame 
Roving 
40 tex 
twisless 
strand 
40 tex 
510 tpm 
yarn*** 
521 
SE=7.3 
281 538* 524 106* 93 40* 40 41 34 51 
524 
SE=11 
415 692* 624* 152* 121 61* 58 58 46 65 
  Significant differences at 95% confidence level are indicated by * (P<0.05) 
  SE – Standard Error 
  **Statistical significance tested between successive processing stages  
   *** Dismantled yarn 
 
 
 
 
Figure 6.27:  Nep Levels (Cnt/g) at the different Processing Stages 
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6.2.3 Relationship between the Fibre Properties in the Lint and those in the 
Dismantled Yarn   
 
One of the main, if not the main, objectives of the yarn dismantler is to accurately and 
reliably measure the fibre properties at the yarn stage and then to relate the values so 
obtained, to those in the lint. In so doing, it would be possible to verify whether or not the 
cotton used in producing the yarn was in accordance with that specified, and also to 
determine whether different cottons were used to produce two or more yarns which are meant 
to be the same, but appear to be different. In order to achieve these objectives it is necessary 
to establish the relationship between the fibre properties in the dismantled yarn samples and 
those in the lint. For this purpose, the results of the various fibre properties obtained at the 
lint stage were related to the corresponding results obtained on the dismantled yarns. The 
following sections cover the results of linear regression analysis carried out for each of the 
fibre properties, for the pilot scale carded and combed and miniature spinning routes, 
respectively. A word of caution is necessary, however, namely that many fibre and 
processing conditions can affect such relationships in practice, and further work in this 
respect is called for, particularly in terms of covering a greater number of lots. 
 
 
6.2.3.1  Pilot Scale Carded Route 
  
Neps (Cnt/g)  
 
The results of the regression analysis, together with the regression equation and line, for neps 
are shown in Figure 6.28. As can be seen, there was relatively poor, though statistically 
significant, correlation (R
2 
= 0.34) between the number of neps in the lint and those in the 
dismantled yarn. The scatter of the results is rather large, there being one particularly bad 
“outlier”. This makes it rather difficult to relate the nep results obtained on the dismantled 
yarn to those of the lint with any degree of certainty or accuracy. The regression equation 
given can, however, be used to obtain a very rough estimate of the nep level in the lint, based 
180 
upon that measured in fibres dismantled from the yarn. Further work is necessary, however, 
to improve the accuracy of such estimates.    
 
 
 
    Figure 6.28:   Neps (Cnt/g) in Lint vs that in the Dismantled Yarn  
 
 
 
 
Short Fibre Content [% SFC(w) and %SFC(n)]    
 
The results of the regression analyses carried out on the SFC values are shown in Figures 
6.29 and 6.30. As can be seen from the results, there was a very high correlation (R
2 
= 0.93) 
between the SFC(w) in the lint and that in the dismantled yarn, a good correlation (R
2 
= 0.83) 
for SFC(n). It, therefore, follows that SFC(w) in the lint can be fairly accurately derived, or 
predicted, from that measured in the dismantled yarn by using the regression equation given 
in Figure 6.29. A less accurate and reliably estimate can be obtained for SFC(n) by using the 
regression equation given in Figure 6.30. Nevertheless, further work, on a larger number of 
cottons, is required to improve the accuracy of the prediction.      
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                                                 Figure 6.29:  %SFC(w) in Lint vs that in the Dismantled Yarn  
 
 
       
     Figure 6.30:  %SFC(n)  in Lint vs that in the Dismantled Yarn 
 
 
 Mean Fibre Length [L(w) and L(n)] and Upper Quartile Length [UQL(w)]   
  
The results of the regression analyses carried out on the fibre length results are shown in 
Figures 6.31, 6.32 and 6.33, for L(w), L(n) and UQL(w), respectively, from which it can be 
seen that there was a very high correlation (R
2 
= 0.95) for L(n) and also a good correlation 
(R
2 
= 0.74) for L(w), with that for UQL(w) (R
2 
= 0.59) being lower. It therefore, follows that 
the L(n) in the lint can be predicted fairly accurately from that in the yarn, by using the 
regression equation given in Figure 6.32, while L(w) and UQL(w) can be estimated using the 
equations given in Figures 6.31 and 6.33, respectively. The reasons for these differences 
however, need to be investigated on more cottons. 
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         Figure 6.31:  L(w)mm in Lint vs that in the Dismantled Yarn 
 
 
 
 
          Figure 6.32:  L(n)mm  in the Lint vs that in the Dismantled Yarn 
 
 
 
Figure 6.33:  UQL(w)mm  in the Lint vs that in the  
    Dismantled Yarn  
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 L(w)%CV and L(n)%CV   
 
The results of the linear regression analysis on the CVs of mean fibre length [L(w) and L(n)] 
are shown in Figures 6.34 and 6.35, from which it can be seen that there was a fairly high 
correlation (R
2 
= 0.79) for L(w)%CV and a less good one (R
2 
= 0.62) for L(n)%CV. It 
therefore, follows that L(w)%CV in the lint can be derived reasonably accurately from the 
value measured in the dismantled yarn, using the regression equation given in Figure 6.34, 
while L(n)%CV can be estimated less accurately using the equation given in Figure 6.35. 
Nevertheless, more work, covering a wider range and more cottons, is required to improve 
the accuracy of the prediction. 
  
 
         Figure 6.34:  L(w)%CV in the Lint vs that in the Dismantled Yarn  
 
 
 
        Figure 6.35:  L(n)%CV in the Lint vs that in the Dismantled Yarn 
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Fibre Linear Density, Maturity Ratio and IFC    
 
Unfortunately, fibre linear density, maturity and immature fibre content (IFC) results were 
available for only four cottons, and the results of the analysis, given in Figures 6.36, 6.37 and 
6.38, need to be viewed and interpreted with this in mind. There was a very high correlation 
for fibre linear density (R
2 
= 0.89) and maturity ratio (R
2 
= 0.91) and a less high one (R
2 
= 
0.75) for %IFC. The regression equations given in the three figures can be used to estimate 
the lint values from the dismantled yarn values. Although these initial results are promising, 
further work, involving many more cotton lots, is required to obtain more reliable and 
accurate relationships between the fibre properties in the lint and those in the yarn, as well as 
to establish the effects of various fibre and processing parameters on these relationships.   
 
 
       Figure 6.36:  Fibre Linear Density (mtex) in the Lint vs that  
   in the Dismantled Yarn 
  
 
 
       Figure 6.37:  Maturity Ratio in the Lint vs that in the  
   Dismantled Yarn  
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Figure 6.38:  %IFC in the Lint vs that in the Dismantled Yarn 
 
 
Seed Coat Neps (SCN Cnt/g)   
 
As in the case for the fineness and maturity related fibre properties, discussed in the previous 
section, results were available for only four cottons and, the results of the regression analysis, 
given in Figure 6.39, must therefore be viewed with caution. As can be seen, there was a very 
poor correlation between the lint and the dismantled yarn values for seed coat neps (R
2 
= 
0.12). 
 
 
Figure 6.39:  SCN Cnt/g in the Lint vs that in the Dismantled  
    Yarn 
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6.2.3.2   Pilot Scale Combed Route 
 
The results of the linear regression analysis carried out to determine the relationships between 
the fibre properties in the lint and those in the dismantled yarn, for the pilot scale combed 
route, are discussed below. It is necessary to once again point out that the results for only four 
cottons were available, and this needs to be kept in mind in the following discussion. It is 
important that more work be carried out in future to verify the results obtained here, and to 
improve the accuracy of deriving the lint values from those of the yarn. 
 
 
Neps (Cnt/g)    
 
From the results of the regression analysis given in Figure 6.40, it can be concluded that there 
was a rather poor correlation between the number of neps in the lint and that in the 
dismantled yarn (R
2 
= 0.39), this being also the case for the results obtained with the pilot 
scale carded route. 
 
 
Figure 6.40:   Neps (Cnt/g) in the Lint vs that in the  
     Dismantled Yarn  
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Short Fibre Content [% SFC(w) and %SFC(n)]    
 
The results, of the regression analyses for SFC(w) and SFC(n) are shown in Figures 6.41 and 
6.42, respectively, from which it is apparent that there was a very high correlation (R
2 
= 0.98) 
for SFC(w), and a good one (R
2 
= 0.79) for SFC(n), similar results having been obtained for 
the  carded route. Nevertheless, further work on a much larger number of cottons is required 
to verify and improve the accuracy of the relationships found here.  
 
 
        
Figure 6.41:  %SFC(w) in the Lint vs  that in the Dismantled Yarn 
 
 
        
Figure 6.42:  %SFC(n) in the Lint vs that in the Dismantled Yarn 
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Mean Fibre Length [L(w) and L(n)] and Upper Quartile Length [UQL(w)]   
  
From the results of the regression analyses on the fibre length results, shown in Figures 6.43, 
6.44 and 6.45, it can be seen that the best correlation was found for L(n) (R
2 
= 0.97) followed 
by L(w) (R
2 
= 0.70) and UQL(w) (R
2 
= 0.39). The results of the analyses were in line with 
those obtained for the carded route and are sufficiently promising to warrant further work on 
a larger number of cottons.   
 
 
 
 
Figure 6.43:  L(w)mm in the Lint vs that in the Dismantled Yarn  
 
 
       
Figure 6.44:  L(n)mm  in the Lint vs that in the Dismantled Yarn  
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Figure 6.45:  UQL(w)mm in the Lint vs that in the  
    Dismantled Yarn 
 
 
 
L(w)%CV and L(n)%CV   
 
The results of the regression analyses on L(w)%CV and L(n)%CV, given in Figures 6.46 and 
6.47, indicate that there was a very good correlation for L(w)%CV (R
2 
= 0.96) and a slightly 
lower one (R
2 
= 0.85) for L(n)%CV, these results once again being in line with those obtained 
for the carded route. 
 
 
          Figure 6.46:  L(w)%CV in the Lint vs that in the Dismantled Yarn 
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Figure 6.47:  L(n)%CV in the Lint vs that in the Dismantled Yarn 
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6.2.3.3    Miniature Spinning Route   
 
Similar analyses, to those carried out on the pilot-scale processing results, were carried out on 
the results obtained via the miniature spinning route and are discussed below. The fact that 
data were available for 8 cottons means that the results of the regression analyses are more 
reliable than those in the previous sections, which were carried out on fewer cottons. 
 
Neps (Cnt/g)    
 
The results of the regression analyses carried out on the nep results are shown in Figure 6.48 
from which it can be seen that there was only a fair correlation (R
2 
= 0.38), with one 
particularly bad outlier. The results and trends are similar to those obtained for the pilot-scale 
carded and combed routes. Nevertheless, the correlation is not high enough to allow an 
accurate estimate of the neps in the lint to be derived from those in the dismantled yarn. What 
is clear, however, is that the levels in the yarn are much lower than those in the lint, 
originally.   
 
 
 
Figure 6.48:   Neps (Cnt/g) in the Lint vs that in the  
     Dismantled Yarn 
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Short Fibre Content [SFC(w) and SFC(n)]   
 
The results of the regression analyses on SFC, given in Figures 6.49 and 6.50, show that there 
was a very high correlation (R
2 
= 0.93) for SFC(w) and also a very good correlation (R
2 
= 
0.85) for SFC(n). This indicates that, for the miniature spinning system, the SFC(w) in the 
lint can be fairly accurately derived from the values measured on the dismantled yarn, by 
using the regression equation given in Figure 6.49. This also applies to SFC(n), although the 
estimate would have a greater margin of uncertainty, i.e. be less accurate.   
 
             
 
Figure 6.49:  %SFC(w) in the Lint vs that in the Dismantled Yarn 
 
 
 
 Figure 6.50:  %SFC(n) in the Lint vs that in the Dismantled Yarn 
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Mean Fibre Length [L(w) and L(n)] and Upper Quartile Length [UQL(w)]   
  
The results of the regression analyses on the fibre length results are shown in Figures 6.51, 
6.52 and 6.53, from which it can be seen that there was a high correlation (R
2 
= 0.93) for L(n) 
and a fairly good correlation (R
2 
= 0.70) for L(w), that (R
2 
= 0.49) for UQL(w) being the 
poorest. It therefore appears that L(n), measured on fibres from the dismantled yarn, can be 
used to fairly accurately derive the corresponding values for the lint, this not being the case 
for L(w) and UQL(w). 
 
        
Figure 6.51:  L(w)mm  in the Lint vs that in the Dismantled Yarn 
 
 
           
Figure 6.52:  L(n)mm in the Lint vs that in the Dismantled Yarn  
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Figure 6.53:  UQL(w)mm in the Lint vs that in the  
    Dismantled Yarn 
 
 
L(w)%CV and L(n)%CV    
 
The results of the regression analyses carried out on L(w)%CV and L(n)%CV, given in 
Figures 6.54 and 6.55, show that there was a fairly good correlation (R
2 
= 0.75) for L(w)%CV 
and a less good one (R
2 
= 0.67) for L(n)%CV. These results are not very different to those 
obtained for the pilot scale processing, and do not really allow the lint values to be derived 
from those of the dismantled yarn with the necessary degree of accuracy.  
 
 
          Figure 6.54:  L(w)%CV in the Lint vs that in the Dismantled Yarn 
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        Figure 6.55:  L(n)%CV in the Lint vs that in the Dismantled Yarn 
 
 
  
Fibre Linear Density, Maturity Ratio and IFC    
 
From the results of the regression analyses carried out on the fibre linear density, maturity 
ratio and immature fibre content, given in Figures 6.56, 6.57 and 6.58 respectively, it can be 
seen that the values obtain on the dismantled yarn correlated well with those obtained on the 
lint in all cases, and were generally in line with the results obtained for the pilot scale 
processing. These results are very promising in terms of deriving the lint values from the 
dismantled yarn values by means of the regression equations given in Figures 6.56 to 6.58, 
but a word of caution is necessary, however, namely that only four cottons were covered. 
Further work is therefore called for, in which a larger number of cotton lots are covered.  
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Figure 6.56:  Fibre Linear Density (mtex) in the Lint vs that in 
   the Dismantled Yarn 
 
 
 
          
Figure 6.57:  Maturity Ratio in the Lint vs that in the  
   Dismantled Yarn        
 
 
 
Figure 6.58:  %IFC in the Lint vs that in the Dismantled Yarn  
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Seed Coat Neps (SCN Cnt/g)   
 
The results of the analyses on SCN, given in Figure 6.59, shows that there was only a fair 
correlation (reasonable relationship) (R
2 
= 0.55) between SCN measured on fibres from the 
dismantled yarn and those measured on the lint fibres, an even poorer correlation having been  
obtained on the results for the pilot scale processing. The results are certainly such that it is 
not possible to derive the lint SCN values from those for the dismantled yarn, with any 
degree of accuracy. 
     
  
 
Figure 6.59:  SCN Cnt/g in the Lint vs that in the Dismantled Yarn 
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6.2.4 Effect of Draft and Yarn Twist on Fibre Properties (Carded Yarns)   
 
It was considered of some interest to determine what effect changing the draft and yarn twist 
level had on the fibre properties as measured on fibres from the twistless strand emerging 
from the front rollers of the spinning frame and on fibres from the dismantled yarn. Statistical 
differences were therefore determined between the following pairs of results: 
 40 tex vs 25 tex twistless strand (to determine effect of draft) 
 40 tex 510 tpm vs 40 tex 600 tpm and 25 tex 650 tpm vs 25 tex 766 tpm (to determine 
the effect of twist) 
The results are summarised and discussed below. Statistically significant differences being 
indicated by * in the tables.  
 
6.2.4.1  Fibre Length [L(w), UQL(w), 2.5%L(n)]  
 
According to the results given in the Tables 6.45 to 6.47, it is apparent that, with a few 
exceptions, neither yarn twist level nor draft had a significant, or consistent, effect on the 
three length parameters considered, the differences nearly always being less than 1 mm. 
Nevertheless, compared to the lower draft, the higher draft always resulted in slightly higher 
L(w) in the twistless strand. This could be due to a greater fibre straightening effect produced 
by the higher draft. 
 
            Table 6.45: Effect of Draft and Twist Level on Mean Fibre Length [L(w)mm]    
Cotton  
Twistless Strand  Dismantled Yarn 
Draft=17.5    
(40 Tex)    
Draft=28    
(25 Tex)  
40 Tex 
 
25 Tex 
510 tpm 600 tpm 650 tpm 766 tpm 
CA198  24.3 25.2* 26.9 26.9 
 
25.9 26.9* 
CA521 24.5 24.9 26.9 27.2 25.9 26.9* 
CA524 21.0 21.4 23.6 23.9 23.5 23.7 
CA180 22.6 22.9 24.1 24.9* 25.2 24.4* 
CA209 24.9 25.4 26.7 26.2* 26.9 26.4* 
CA522 19.3 20.1* 21.1 22.4* 21.1 21.1 
CA527 21.6 21.8 23.1 23.1 23.9 23.4* 
                       Significant differences at 95% confidence level are indicated by * (P<0.05) 
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     Table 6.46:  Effect of Draft and Twist Level on UQL(w)mm     
Cotton  
Twistless Strand Dismantled Yarn 
Draft=17.5 
(40 Tex)  
Draft=28 
(25 Tex)  
40 Tex 
 
25 Tex 
510 tpm 600 tpm 650 tpm 766 tpm 
CA198 31.4* 32.3 33.8 33.8  33.1 33.7* 
CA521 30.8 31.1 32.7 33  32.1 32.6 
CA524 26.7 27.1 29.1 29.5  29.0 29.1 
CA180 29.2* 29.7 30.5 31.2*  31.2 30.7* 
CA209 31.0 31.2 32.3 31.8  32.5 32.0* 
CA522 24.9* 25.7 26.7 27.9*  26.7 26.7 
CA527 27.2* 27.8 28.5 28.5  29.0 28.7 
       Significant differences at 95% confidence level are indicated by * (P<0.05) 
 
 
 
 
 
         Table 6.47:  Effect of Draft and Twist Level on 2.5%L(n)mm  
Cotton 
Twistless Strand Dismantled Yarn 
Draft=17.5 
(40 Tex) 
Draft=28 
(25 Tex) 
40 Tex 
 
25 Tex 
510 tpm 600 tpm 650 tpm 766 tpm 
CA198  39.2 39.8* 40.7 41.5*  40.9 41.3 
CA521  38.2 38.6 40.9 41.1  40.1 40.6 
CA524  34.1 34.5 36.9 37.2  36.6 36.8 
CA180  36.6 36.8 38.1 38.9*  39.1 38.4* 
CA209  37.6 37.9 39.4 38.9  39.6 39.1* 
CA522  32.3 33.0* 34.5 35.8*  34.3 34.3 
CA527  33.8 34.0 35.6 35.8  36.3 36.1 
      Significant differences at 95% confidence level are indicated by * (P<0.05) 
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6.2.4.2   %SFC(w) 
 
As can be seen from Table 6.48, the higher draft, associated with the finer 25 tex yarn, 
generally resulted in lower SFC(w) values in the twistless strand, which is rather unexpected, 
since the opposite would have been anticipated, but this could be due to a greater fibre 
straightening effect as mentioned in Section 6.2.4.1. According to the results given in Table 
6.48, neither draft nor twist level affected SFC(w) in the dismantled yarn in a consistent way, 
although there was a tendency for the higher twist levels to be associated with a lower SFC. 
 
 
     Table 6.48: Effect of Draft and Twist Levels on Short Fibre Content [%SFC(w)]  
Cotton 
Twistless Strand Dismantled Yarn 
Draft=17.5 
(40 Tex)  
Draft=28 
(25 Tex)  
40 Tex  25Tex 
510 tpm 600 tpm 650 tpm 766 tpm 
CA198  14.4 11.7* 8.5 8.5 
 
10.8 8.0* 
CA521  12.2 11.3* 7.0 6.6* 
 
9.4 9.2 
CA524  18.4 17.6* 11.3 10.4* 
 
11.1 10.6* 
CA180  17.3 16.2* 12.9 11.2* 
 
10.6 12.3* 
CA209  10.4 9.7* 7.0 7.8* 
 
6.1 7.1* 
CA522  23.1 21.7* 17.7 13.3* 
 
17.3 17.1 
CA527  16.2 15.1* 11.7 11.3 
 
9.7 10.7* 
     Significant differences at 95% confidence level are indicated by * (P<0.05) 
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6.2.4.3    Neps (Cnt/g)  
 
 
According to the results given in Table 6.49, the higher draft associated with the finer 25 tex 
yarn generally resulted in a lower nep count in the twistless strand, indicating better 
disentangling and removal of fibre neps by the higher draft. Nevertheless, the differences are 
significant at the 95% confidence level only in some of the cases. The results for the different 
twist levels, for both the 40 tex and 25 tex yarns, indicate that, for the 40 tex dismantled 
yarns, neps increased when the twist level was increased, for 5 out of the 7 cottons, in some 
cases only slightly, the increase being statistically significant only for three cottons, whereas 
for the 25 tex dismantled yarn there was a decrease, in some cases only slight, in the nep 
count with the higher twist level for all the cottons, the difference being statistically 
significant in only two cases. 
 
 
 
      Table 6.49: Effect of Yarn Linear Density (Draft) and Twist on Neps (Cnt/g)  
Cotton 
Twistless Strand Dismantled Yarn 
Draft=17.5 
(40 Tex) 
Draft=28 
(25 Tex) 
40 Tex 
 
25Tex 
510 tpm 600 tpm 650 tpm 766 tpm 
CA198 66 63 81 75  87 86 
CA521 72 70 93 94  106 98 
CA524 117 102* 132 133  138 136 
CA180 197 188 188 214*  215 205 
CA209 86 77* 93 90  102 88* 
CA522 224 250* 250 283*  290 256* 
CA527 101 89* 89 121*  124 116 
      Significant differences at 95% confidence level are indicated by * (P<0.05) 
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6.2.5 Effects of Draft and Yarn Twist on Fibre Properties (Combed Yarns)   
 
As for the carded route, the effect of changes in yarn twist level or draft, on the various fibre 
properties, was investigated for the combed route and the results are discussed below. 
Statistically significant differences are indicated by * in the tables. 
  
 
6.2.5.1   Fibre Length, [L(w), UQL(w)]  
 
From the results given in Tables 6.50 and 6.51 it is apparent that draft did not have a 
significant, or consistent, effect on the fibre length [L(w) and UQL(w)], as measured on the 
twistless strand. The same applies to the effect of twist level on the length results obtained on 
fibres from the dismantled yarn. The trend is in line with those found for the carded route. 
 
 
  Table 6.50:  Effect of Draft and Twist Level on Mean Fibre Length [L(w)mm]    
Cotton  
Twistless Strand Dismantled Yarn 
Draft=17.5 
(40 Tex)  
Draft=28 
(25 Tex) 
40 Tex 
 
25 Tex 
510 tpm 600 tpm 650 tpm 766 tpm 
CO521  26.8 27.0 28.2 28.8*  28.1 28.6 
CO524  24.1 24.3 26.2 26.4  25.6 26.0 
CO522  22.4 22.4 23.1 24.9*  23.4 23.4 
CO527  23.4 24.1* 24.9 24.6  25.1 25.1 
       Significant differences at 95% confidence level are indicated by * (P<0.05) 
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Table 6.51:  Effect of Draft and Twist Level on UQL(w)mm 
Cotton  
Twistless Strand Dismantled Yarn 
Draft=17.8 
(40 Tex) 
Draft=28 
(25 Tex) 
40 Tex 
 
25 Tex 
510 tpm 600 tpm 650 tpm 766 tpm 
CO521  32.4 32.5 33.5 33.9  33.3 33.7 
CO524  29.3 29.5 31.1 31.1  30.7 30.8 
CO522  27.4 27.4 28.2 29.7*  28.2 28.2 
CO527  28.2 28.7 29.5 29.2  29.7 29.5 
                     Significant differences at 95% confidence level are indicated by * (P<0.05) 
 
 
 
6.2.5.2   %SFC(w) 
 
According to the results given in Table 6.52, neither draft nor twist had a consistent effect on 
SFC(w), although there was some indication that a higher draft and twist level were 
associated with lower SFC, possibly due to an increased short fibre loss, as fly, or fibre 
straightening. This is in line with the trends observed for the carded route. 
 
 
      Table 6.52: Effect of Draft and Twist Level on Short Fibre Content [%SFC(w)] 
 
Cotton  
Twistless Strand Dismantled Yarn 
Draft=17.5 
(40 Tex)  
Draft=28 
(25 Tex)  
40 Tex 
 
25 Tex 
510 tpm 600 tpm 650 tpm 766 tpm 
CO521  6.4 5.8* 4.0 3.2*  3.7 3.2* 
CO524  9.0 8.7 4.8 4.6  5.2 4.8 
CO522  11.6 11.9 9.6 6.0*  9.3 8.6* 
CO527  8.5 7.1* 5.7 6.0  4.8 5.3 
                       Significant differences at 95% confidence level are indicated by * (P<0.05) 
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6.2.5.3   Neps (Cnt/g) 
 
From the results given in Table 6.53, it is apparent draft did not have a significant or 
consistent effect on the nep values as measured in the twistless strand. The results relating to 
the different twist levels show that, for three out of the four cottons, there was a slight 
decrease in nep count as the twist level increased, for both the 40 and 25 tex yarns. 
 
 
       Table 6.53:  Effect of Draft and Twist Level on Nep Count/g  
Cotton  
Twistless Strand Dismantled Yarn 
Draft=17.5 
(40 Tex) 
Draft=28 
(25 Tex) 
40 Tex 
 
25 Tex 
510 tpm 600 tpm 650 tpm 766 tpm 
CO521  34 34 51 50  54 47 
CO524  46 43 65 69  68 74 
CO522  111 118 152 139*  148 135* 
CO527  50 45 62 56  64 60 
                      Significant differences at 95% confidence level are indicated by * (P<0.05) 
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CHAPTER  7: 
 
SUMMARY AND CONCLUSIONS 
 
New developments are continually required in the industrial arena to improve quality, 
productivity and cost. The cotton industry, with its long processing pipeline and the myriad of 
factors that can affect end product quality, is no exception and needs continuous 
technological development to improve, amongst others, quality control test procedures. One 
such development requirement is a technology and associated instrument for dismantling a 
spun yarn into its constituent fibres, thereby allowing detailed studies to be carried out on the 
properties of these “dismantled” fibres in order to overcome certain existing quality control 
and other shortcomings. 
 
Very little research has been carried out over the years to track cotton fibre properties during 
processing up to the yarn stage, to determine and quantify the changes in the fibre properties, 
during processing and to use the results so obtained to minimise any adverse effect on cotton 
fibre properties, notably fibre length, and to optimise cotton blends and processing 
conditions. One reason for the limited research was the very difficult, very time consuming 
and laborious task of dismantling a yarn by hand into its constituent fibres, in sufficient 
quantities for testing, without in any way affecting the fibre properties, notably length. With 
the development of a new technology and instrument, the Yarn Dismantler, which enables a 
short staple yarn to be dismantled into its constituent fibres without significantly changing 
their properties, it has become possible to accurately measure the properties of the cotton 
fibres at the yarn (and even fabric) stage and to track the fibre properties during processing, 
right up to, and including, the yarn and fabric.   
 
This thesis is devoted to the further development and optimisation of the original patented 
yarn dismantler, into a final prototype and to evaluate it and explore certain of its practical 
applications. Various applications of the yarn dismantler have been investigated, including 
that of distinguishing between carded and combed cotton yarns. Another, and very important 
aspect of the present work was to investigate the application of the dismantler in tracking 
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changes in cotton fibre properties during processing up to, and including, the spun yarn, the 
yarn dismantler being used in the process, to obtain sufficient fibres for AFIS testing.  
 
Initially, the bench model yarn dismantler, based upon the patent, was evaluated using fibre 
length and short fibre content as criteria so as to sort out any problems and carry out the 
necessary modifications and improvements before producing the first prototype.  
Preliminary trials indicated that the dismantling speed had to be set so as to remove about 
95% of the twist in the yarn, and that it was necessary to steam the dismantled yarn on the 
perforated drum of the yarn dismantler so as to remove the twist liveliness (residual torque) 
in the dismantled yarn, and thereby to facilitate its subsequent handling and AFIS fibre 
testing. It was found that dismantling speeds of more than 1 m/min were not possible on the 
bench model, due to untwisting spindle drive mechanism failure and insufficient air suction at 
the perforated drum. On the basis of these initial trials, further improvements to, and 
developments in the bench model were identified and incorporated into the first prototype, 
after which trials were carried out to evaluate its performance. Tests carried out at different 
dismantling speeds showed that a dismantling speed of 3 m/min, or higher, was not possible 
due to the complex drive mechanism and mechanical limitations of the first prototype. What 
was promising, however, was that the dismantling speed appeared to have little effect on the 
fibre length characteristics, up to a speed of 2 m/min, confirming the positive consequences 
of the modifications carried out to the bench model in producing the first prototype.  
When evaluating the operation of the first prototype yarn dismantler, it was found that, to 
enable higher dismantling speeds and more efficient functioning of the yarn dismantler, as a 
reliable, operator friendly unit, with a minimum dependency on, or intervention by, the 
operator, further modifications to the drive mechanism, as well as a new air suction 
mechanism and steam system were required, all of which were introduced in the final 
prototype. 
After introducing the above mentioned modifications, the final prototype yarn dismantler was 
produced and evaluated in terms of the following: 
 
 Effect of higher dismantling speeds. 
 Comparing its results with those obtained using manual dismantling. 
 Functioning performance under commercial mill conditions. 
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Dismantling, carded and combed ring spun cotton yarns, at dismantling speeds of 2.0, 3.0 and 
4.5 m/min showed that increasing the dismantling speed up to 4.5 m/min did not affect any of 
the fibre length parameters, including SFC, significantly. Nevertheless, it was decided that an 
acceptable and safe dismantling speed was 2 m/min, which enabled a yarn to be dismantled in 
under 10 minutes, and this speed was used in all subsequent trials involving the final 
prototype yarn dismantler. 
 
As a verification of the performance of the final prototype, dismantling was carried out, both 
manually and using the dismantler, on different carded yarns produced from various cottons. 
From the test results, it was apparent that, except for SFC, the length results obtained on 
fibres from manually dismantled yarns did not differ significantly or consistently from those 
obtained on fibres from the dismantler, dismantled yarns. The slight difference (generally less 
than 1% absolute) between the SFC results could be due to some short fibre loss during the 
manual dismantling (as was observed). It was therefore concluded that the yarn dismantler 
was as good, if not even better, than the very tedious and time consuming manual method, in 
dismantling cotton yarns into their component fibres, with little change in the fibre length 
properties, the main criteria of dismantling performance and efficiency.   
 
A trial was carried out at a large commercial spinning mill to evaluate the functioning of the 
final prototype yarn dismantler and to investigate the reproducibility of the dismantling 
process using commercial carded and combed cotton spun yarns produced under mill 
conditions, using a dismantling speed of 2 m/min. Statistical analysis of the test results, 
showed that, for the parameters studied, namely L(w), SFC(w), UQL(w) and 2.5%L(n), the 
differences between fibres from the roving, twistless strand and dismantled yarn were all 
significant at the 95% confidence level. It was shown that, in all cases, for both the combed 
and carded routes, the fibre lengths [L(w), UQL(w) and the 2.5%L(n)], in the twistless 
strands were lower, and the SFC higher, than those in the corresponding rovings and 
dismantled yarns. This indicated, first of all, that significant fibre breakage occurred when 
drafting the rovings on the spinning frame, resulting in a decrease in the fibre length and an 
increase in short fibre content. There was also an indication that the process of inserting twist 
caused the loss of relatively short fibres as fly, and possibly also the removal of crimp/ 
convolutions from the fibre, resulting in a slightly longer fibre length and lower SFC in the 
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dismantled yarn. It was found, for example, that the SFC(w) obtained on the dismantled 
carded yarns was 5% absolute lower than that in the twistless strand, while the fibre length, 
L(w), in the dismantled yarn was some 2 mm higher than that in the twistless strand. Similar 
trends were observed for the UQL(w) and 2.5%L(n) results, and also for the combed route. 
The length and SFC results obtained on fibres from the roving were slightly higher and lower, 
respectively, than the corresponding results on fibres from the dismantled yarn, this being 
attributed to the already mentioned fibre breakage during drafting on the ring frame. Based 
upon the length results obtained, particularly the CVs for 5 and 30 tests respectively, on 
fibres from the dismantled yarns, it was concluded that the results were highly reproducible 
and repeatable. 
 
Once the Yarn Dismantler was developed and modified into the final prototype unit which 
gave consistent and reliable results, it was applied to study two possible uses, namely to 
distinguish between commercially produced ring spun cotton carded and combed yarns, and 
to track fibre property changes from the lint to the yarn stage. The results suggested that the 
SFC(w),Trash and Dust values of dismantled yarns (determined by the AFIS instrument) can 
be used, together with the USTER Statistics (1997 or 2007), to correctly classify a yarn as 
either being carded or combed when this is not known. Nevertheless, further work, on a wider 
range of yarns, is necessary to verify these results.  
 
In the study carried out to track changes in cotton fibre properties during miniature and pilot 
scale processing, the following changes in cotton fibre properties were found to be common 
to the miniature spinning, pilot scale carded and pilot scale combed systems, with the yarn 
dismantler proving its worth in enabling fibres in the yarns to be measured. 
 
 A slight decrease in fibre length occurred during the opening and cleaning process, 
indicating fibre damage and breakage resulting from the associated mechanical 
actions, this being confirmed by associated increases in SFC. Carding improved the 
mean fibre length, with combing reducing the SFC by more than 10%. The drawing 
and roving process had neither a consistent nor significant effect on most of the length 
parameters studied. It was found that the fibre length decreased significantly during 
drafting on the ring spinning frame, as reflected in the results obtained on fibres from 
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the twistless strand (i.e. as the drafted fibres emerged from the front rollers of the 
drafting system and before twist insertion). This showed that significant fibre 
breakage occurred during drafting, this also being reflected in a significant increase in 
SFC. It was found that the mean length of the fibres from the dismantled yarn was 
significantly higher, and the SFC significantly lower, than that in the twistless strand, 
indicating that, during twist insertion, short fibres were lost as fly and through suction, 
and possibly also that fibre straightening may have occurred. 
 It was found that the opening and cleaning process increased the number of fibrous 
neps, while carding and combing decreased the nep levels, as would be expected. The 
drawframe and ringframe drafting process resulted in a slight reduction in neps, 
possibly due to some disentangling of neps and fibre straightening. The results 
obtained on fibres from the dismantled yarns indicated that the twist insertion process 
may have caused some nep formation, possibly by consolidating or tightening of 
some pre-nep structures.  
 Fibre linear density and maturity ratio tended to show similar trends, changing little 
during the opening and cleaning process, but then increasing consistently up to the 
roving stage, the latter being attributed to the removal of short, relatively fine and 
immature fibres during carding and the loss of them during drawing, the maturity ratio 
in the roving being some 7% higher than in the lint. The linear density and maturity 
ratio of fibres in the twistless strand were significantly lower than those of fibres in 
the roving, possibly due to fibre crimp removal and stretching due to the drafting on 
the ring frame. The linear density and the maturity ratio of the fibres in the dismantled 
yarn were significantly higher than those of fibres in the twistless strand, being very 
similar to those of fibres in the rovings. The changes in fibre linear density and 
maturity ratio were considered to be due to removal or loss of relatively short, fine 
and immature fibres and possibly fibre straightening and crimp removal. As could be 
expected, the immature fibre content (IFC) generally showed the opposite trends to 
the maturity ratio, the IFC in the dismantled yarn being about 15% lower than in the 
lint.  
 Seed coat nep levels were found to increase as a result of the opening and cleaning 
process, possibly due to relatively large seed particles being broken into smaller 
pieces, which are then counted separately. Carding removed about half of the seed 
coat neps, with subsequent processing stages, up to the roving, having little further 
effect. The seed coat nep levels were reduced during the drafting and twist insertion 
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process on the ring frame, possibly due to some seed coat neps being disentangled 
and/or lost during these processes. 
 A limited study indicated that neither twist level nor draft impacted on the 
dismantling performance of the yarn dismantler.   
 
The key objective of the development of the yarn dismantler, and the research carried out as 
part of this thesis, was to enable an accurate measure of the fibre properties in the yarn to be 
obtained, and then to be able to relate the values, so obtained, to those in the lint. In so doing, 
it would, for example, be possible to verify whether or not the cotton used in producing a 
yarn was in accordance with that specified, and also to determine whether different cottons 
were used to produce two or more yarns which should be the same, but are perceived to be 
different. Regression analyses were therefore carried out in order to determine the 
relationship between the fibre properties as measured in the dismantled yarn and those 
measured in the lint. It was found that:  
 There was a rather poor correlation between the number of fibre neps in the lint and 
that in the dismantled yarn, the levels in the dismantled yarn being between 30 and 
80% lower than those in the lint for the different cottons. 
 There was a very high correlation between the SFC(w) in the lint and that in the 
dismantled yarn, the levels in the dismantled yarn being slightly lower than those in 
the lint, for the carded yarn, and some 40 to 50% lower for the combed yarn, due to 
the effect of combing on SFC. 
 There was a high correlation between the mean length values in the lint and those in 
the dismantled yarn, the fibre length values in the dismantled yarns generally being 
about 10% higher than those in the lint for the carded yarns, and some 20% higher for 
combed yarns.  
 There was a high correlation between the fibre linear density and maturity ratio values 
in the lint and those in the dismantled yarn, the values for both in the dismantled yarn 
being on average some 7 to 10% higher than those in the lint.  
 
In conclusion, it can be stated that the yarn dismantler development and research carried out 
and reported in this thesis showed that the yarn dismantler can be used to automatically 
separate short staple yarns into their constituent fibres, without significant fibre breakage or 
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loss, enabling the fibres to be analysed, using an instrument such as the AFIS, for properties, 
such as length, length distribution, trash, dust, fineness, composition and maturity, and the 
results related to those of the lint.    
Based on the findings in this thesis, irrespective of the fact that they are based on a relatively 
„limited‟ number of results, it can be concluded that the yarn dismantler opened up new 
avenues in the quality control arena of the cotton industry. It will, amongst others, allow 
producers to improve and optimise processing conditions, improve fibre selection and 
blending. Indirect issues, such as disputes about fibre selection, lint quality, wrong 
specifications indicated on yarns etc., can now also be settled due to the availability of such 
an instrument. 
 
 
Recommended Further Work 
 
The yarn dismantler has proved its worth as a useful tool for automatically, and cost 
effectively, dismantling short staple cotton yarns into their component fibres, without 
significantly changing the fibre properties. It, therefore, opens up many and varied fields of 
research and industrial application, some of which have been explored in this thesis, but in 
most cases, only to a limited extent. Further research, for example, covering a larger number 
of cottons and cotton yarns, is necessary to verify and also extend the present research, 
including the following: 
 
 Changes which occur in fibre properties during the ring spinning of combed and 
carded yarns, and how they are influenced by fibre properties and spinning conditions, 
thereby enabling optimization of both. 
 The potential of using the results obtained on fibres from dismantled yarns to reliably 
distinguish between carded and combed yarns. 
 Extending the application of the yarn dismantler to other short staple fibres, such as 
polyester, and their blends with cotton and other fibres. 
 Extending the work to cover other short and long staple spinning systems, such as 
compact, open-end (rotor), air-jet, friction and woollen, and modifying the yarn 
dismantler, as and when required. 
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 Routinely tracking changes in fibre properties from lint to yarn, and using the results 
obtained to optimize cotton fibre selection and blends, as well as processing 
conditions. 
 More in depth studies to determine the reasons (causes) of observed changes in fibre 
properties during processing, notably during ring spinning, including the effects of 
fibre length, linear density and maturity, and their distributions.  
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APPENDIX TABLE I 
           FIBRE PROPERTIES OF COTTONS AT THE DIFFERENT STAGES OF MINIATURE PROCESSING AS MEASURED ON AFIS MULTI DATA* 
*Average values of 30 test results at each processing stage  
COTTON Processes 
L (w) L (w) UQL(w) SFC(w) L (n) L (n)       
% CV 
SFC(n) 
[%] 
5%L(n) 
[mm] 
2.5%L(n) 
[mm] 
Fine 
[mTex] 
IFC [%] Mat Ratio Nep [µm] 
Nep 
Cnt/g 
SCN SCN 
[mm] % CV [mm] [%] [mm] [µm] Cnt/g 
180 
Lint 24.6 40 30.9 12.7 17.9 60 36.6 35.2 37.9 147 9.1 0.8 688 320 1171 18 
Shirley Analyser 22.7 43 29.4 16.9 16.2 64 43.2 33.5 36.3 142 10.1 0.8 680 364 1053 15 
Card 22.6 43 29.1 16.6 16.3 63 42.0 33.3 36.2 144 9.9 0.8 639 82 945 9 
1st Drawframe 24.1 39 30.0 11.9 18.4 55 32.5 34.6 37.7 157 8.0 0.8 674 70 953 11 
2nd Drawframe 24.1 39 30.0 11.7 18.7 54 31.5 34.5 37.7 160 7.6 0.9 662 61 954 9 
3rd Drawframe 24.3 38 30.0 10.9 19.1 52 29.3 34.6 37.8 162 7.3 0.9 669 64 959 10 
40 Tex (600 tpm) 24.2 38 30.0 11.0 19.0 52 29.5 34.3 37.4 163 6.7 0.9 645 90 887 5 
40 Tex (515 tpm) 24.2 38 29.9 10.9 19.2 51 28.8 34.4 37.5 164 7.3 0.9 655 93 1016 8 
25 Tex (766 tpm) 22.8 42 29.1 16.1 16.8 59 39.5 33.5 36.4 158 11.7 0.8 644 74 934 6 
25 Tex (650 tpm) 22.9 42 29.2 15.6 17.1 59 38.3 33.7 36.7 160 11.1 0.8 632 76 836 5 
                                    
209 
Lint 25.7 35 31.1 9.0 19.6 55 29.8 35.0 37.6 167 6.3 0.9 695 159 1190 18 
Shirley Analyser 23.9 39 29.9 12.8 17.6 60 37.1 33.8 36.3 164 6.5 0.9 680 169 1197 15 
Card 24.1 38 29.9 11.8 18.2 57 34.0 33.9 36.4 169 6.4 0.9 653 53 955 10 
1st Drawframe 25.0 35 30.5 9.2 19.9 51 26.9 34.7 37.3 178 5.7 0.9 711 44 999 11 
2nd Drawframe 25.7 34 30.9 7.5 21.0 47 22.6 35.3 38.2 188 4.8 1.0 720 34 977 11 
3rd Drawframe 25.6 34 30.9 7.4 21.0 47 22.1 35.2 37.9 189 4.6 1.0 709 34 1000 10 
40 Tex (600 tpm) 25.8 33 31.1 7.3 21.2 47 21.9 35.4 38.2 186 4.2 1.0 697 39 998 8 
40 Tex (515 tpm) 25.8 33 31.0 7.2 21.2 46 21.8 35.3 38.2 187 4.2 1.0 662 48 865 9 
25 Tex (766 tpm) 24.8 38 30.8 11.3 19.0 55 31.9 35.1 37.8 182 8.0 0.9 680 45 997 7 
25 Tex (650 tpm) 24.8 37 30.8 10.9 19.2 54 30.7 35.1 37.9 183 7.6 0.9 679 48 1025 8 
                                    
522 
Lint 21.3 42 26.8 17.3 15.6 61 42.0 30.8 33.8 143 10.2 0.8 687 399 1175 19 
Shirley Analyser 19.8 45 25.5 22.3 14.1 64 48.8 29.5 32.3 137 11.0 0.8 679 466 1131 14 
Card 19.6 45 25.3 22.9 14.0 63 49.0 29.2 32.1 138 11.7 0.7 629 126 910 7 
1st Drawframe 21.0 42 26.4 17.5 15.8 57 40.2 30.6 33.5 146 10.0 0.8 646 83 964 9 
2nd Drawframe 21.4 41 26.8 16.1 16.4 55 37.3 31.1 34.2 151 8.7 0.8 667 81 989 8 
3rd Drawframe 21.6 41 26.9 15.2 16.8 54 35.4 31.3 34.4 152 8.4 0.8 655 79 934 8 
40 Tex (600 tpm) 21.7 40 27.0 14.7 17.0 53 34.2 31.5 34.4 154 8.1 0.8 662 95 953 7 
25 Tex (766 tpm) 20.2 45 26.1 21.6 14.8 61 46.3 30.3 33.3 152 13.0 0.8 659 104 994 7 
25 Tex (650 tpm) 20.8 43 26.6 19.4 15.4 59 42.9 30.9 33.8 150 12.3 0.8 651 98 855 6 
    
         
              
527 
Lint 22.5 38 27.7 12.9 17.0 57 35.3 31.3 33.9 158 7.7 0.8 681 221 1245 12 
Shirley Analyser 20.9 42 26.4 18.2 15.1 62 43.9 30.0 32.6 152 8.4 0.8 679 258 1194 12 
Card 21.1 41 26.5 17.2 15.6 60 41.6 30.2 32.9 154 8.5 0.8 631 61 993 5 
1st Drawframe 22.8 37 27.9 11.6 18.1 51 30.3 32.0 34.6 166 6.8 0.9 660 45 935 7 
2nd Drawframe 23.1 36 28.2 11.0 18.4 50 28.8 32.3 35.0 169 6.5 0.9 671 44 996 7 
3rd Drawframe 23.3 36 28.4 10.4 18.8 49 27.3 32.5 35.4 172 6.1 0.9 673 44 912 6 
40 Tex (600 tpm) 23.8 35 28.8 9.2 19.4 47 24.7 33.0 35.7 173 5.6 0.9 655 49 875 4 
25 Tex (766 tpm) 22.5 40 28.2 14.6 17.1 56 36.3 32.3 35.0 169 9.7 0.9 659 53 921 4 
25 Tex (650 tpm) 22.8 39 28.4 13.3 17.7 54 33.7 32.5 35.2 168 9.6 0.9 647 46 828 3 
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APPENDIX TABLE II 
FIBRE PROPERTIES OF COTTONS AT THE DIFFERENT STAGES OF MINIATURE PROCESSING AS MEASURED ON AFIS MULTI DATA* 
 
 
*Average values of 30 test results at each processing stage  
Cotton Processes 
L (w) 
[mm] 
L(w)     
% CV 
SFC(w) 
[%] 
UQL (w) 
[mm] 
 
L(n) 
[mm] 
L (n)        
% CV 
SFC (n) 
[%] 
5%L(n) 
[mm] 
2.5%L( n) 
[mm] 
D (n) 
[µm] 
Total 
Cnt/g 
Trash 
[µm] 
Dust 
Cnt/g 
Trash 
Cnt/g 
VFM 
[%] 
Nep 
Count 
Nep 
[µm] 
Nep 
Cnt/g 
  
    
178 
Lint 24.4 34 9.2 30.0 19.6 50 26.3 34.5 36.9 12.5 442 297 383 59 1.3 156 764 306 
Shirley Analyser 22.2 37 13.8 27.9 17.6 51 32.5 32.5 35.0 12.7 199 285 174 26 0.6 158 768 311 
Card 22.6 36 12.2 28.1 18.4 48 28.4 32.9 35.4 12.8 86 300 72 14 0.2 41 702 80 
1st Drawframe 24.0 35 10.0 29.5 19.8 46 24.3 34.2 37.0 12.7 100 293 85 15 0.2 27 749 53 
2nd Drawframe 24.5 35 9.3 30.1 20.4 45 22.8 34.6 37.5 12.6 97 276 86 11 0.2 26 761 52 
3rd Drawframe 24.8 35 9.1 30.5 20.6 45 22.8 34.9 37.9 12.5 106 264 93 13 0.2 23 773 45 
40 Tex (606 tpm) 26.5 35 7.8 32.7 21.6 48 22.5 37.5 40.6 13.9 56 239 51 5 0.1 29 904 59 
    
                  
198 
Lint 25.3 33 8.1 31.0 20.6 48 24.2 35.1 37.3 12.9 232 276 206 26 0.6 109 767 272 
40 Tex (606 tpm) 26.8 34 7.5 33.2 22.0 47 21.5 37.8 40.4 14.3 67 216 62 5 0.1 26 902 50 
40 Tex (515 tpm) 26.7 35 8.0 33.1 21.7 48 22.6 37.8 40.5 14.3 57 272 50 7 0.1 23 890 46 
25 Tex (766 tpm) 26.3 35 7.9 32.4 21.5 47 22.3 37.4 40.4 14.3 57 272 49 7 0.1 24 866 48 
25 Tex (650 tpm) 26.7 34 7.5 32.8 21.9 46 21.2 37.6 40.6 14.3 39 233 35 4 0.1 26 873 52 
    
                  
521 
Lint 24.4 31 7.0 29.1 20.5 44 20.9 32.9 35.2 12.7 345 286 306 39 1.0 141 756 281 
40 Tex (606 tpm) 27.1 32 6.0 32.6 22.7 44 18.2 37.3 40.4 13.9 57 222 50 7 0.1 24 880 47 
25 Tex (766 tpm) 26.8 33 6.5 32.3 22.2 45 19.6 36.9 39.8 13.8 49 275 41 8 0.1 24 896 47 
25 Tex (650 tpm) 27.4 32 5.9 32.8 22.9 44 18.2 37.6 40.7 13.8 38 318 30 7 0.1 26 885 51 
    
                  
524 
Lint 21.7 33 10.6 26.1 17.9 46 26.8 30.0 32.1 13.0 596 247 533 60 2.5 184 802 432 
40 Tex (606 tpm) 
26.1 34 7.6 31.9 21.6 46 21.4 36.5 39.3 13.6 100 262 88 12 0.23 42 846 87 
25 Tex (766 tpm) 23.8 35 9.7 29.1 19.6 47 25.0 33.7 36.3 14.2 70 222 64 6 0.1 31 904 62 
25 Tex (650 tpm) 24.4 35 9.3 29.7 20.0 47 24.3 34.5 37.3 14.1 61 221 56 5 0.1 30 895 61 
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APPENDIX TABLE III 
FIBRE PROPERTIES OF COTTONS AT THE DIFFERENT STAGES OF CARDED PROCESSING AS MEASURED ON AFIS MULTI DATA*      
Cotton Processes 
L (w) L (w) UQL(w) SFC(w) [%] L (n) 
L (n)  % CV SFC (n) [%] 
5% L(n) 
[mm] 
2.5% L(n) 
[mm] 
Fine [mTex] IFC [%] Mat Ratio Nep [µm] Nep Cnt/g 
SCN SCN 
[mm] % CV [mm] 
 
[mm] [µm] Cnt/g 
180 
Lint 24.6 40 30.9 12.7 17.9 60 36.6 35.2 37.9 146.9 9.1 0.8 688 320 1171 18 
1st Cleaning 23.9 41 30.5 14.2 17.2 63 39.8 34.7 37.4 145.0 9.9 0.8 696 529 1176 21 
2nd Cleaning 24.1 41 30.6 13.8 17.3 63 39.1 34.7 37.6 143.7 10.2 0.8 694 537 1163 23 
Card 24.1 40 30.4 13.3 17.7 60 36.9 34.7 37.5 147.6 10.4 0.8 646 178 919 13 
1st Drawframe 24.4 39 30.7 12.2 18.4 58 34.0 35.2 38.0 155.1 9.2 0.8 653 157 891 12 
2nd Drawframe 24.7 39 31.1 11.6 18.8 56 32.3 35.6 38.4 157.9 7.8 0.9 657 174 897 12 
Roving 24.4 40 30.8 12.3 18.5 56 33.0 35.4 38.3 164.9 7.7 0.9 658 191 952 14 
40 Tex Strand 22.5 44 29.2 17.3 16.2 63 42.5 33.6 36.6 148.4 10.3 0.8 653 197 955 11 
40 Tex (600 tpm) 24.8 39 31.1 11.2 19.3 54 30.2 35.8 38.8 171.7 6.3 0.9 654 214 807 6 
40 Tex (510 tpm) 24.0 40 30.5 12.9 18.2 57 33.9 35.3 38.2 159.9 8.0 0.9 656 204 959 9 
25 Tex Strand 22.9 43 29.6 16.2 16.6 62 40.9 33.9 36.9 148.9 9.5 0.8 655 188 875 9 
25 Tex (765 tpm) 24.4 40 30.8 12.3 18.5 56 33.2 35.5 38.4 161.0 7.6 0.9 651 205 857 7 
25 Tex (656 tpm) 25.0 38 31.3 10.6 19.5 53 29.1 36.0 39.1 170.2 6.5 0.9 655 215 879 5 
    
                
209 
Lint 25.7 35 31.1 9.0 19.6 55 29.8 35.0 37.6 167.0 6.3 0.9 695 159 1190 18 
1st Cleaning 24.9 37 30.5 10.5 18.6 58 33.4 34.3 36.8 170.9 6.4 0.9 706 321 1272 32 
2nd Cleaning 25.2 36 30.8 9.9 19.1 57 32.0 34.7 37.1 165.3 6.4 0.9 685 308 1233 19 
Card 25.9 35 31.4 8.4 20.2 53 27.9 35.5 38.0 173.1 6.2 0.9 643 86 948 11 
1st Drawframe 26.5 33 31.8 7.1 21.3 50 24.0 36.1 38.8 176.6 4.8 0.9 672 70 996 10 
2nd Drawframe 26.2 33 31.7 7.1 21.2 48 22.9 36.0 38.7 192.1 4.5 1.0 667 78 946 13 
Roving 26.1 34 31.6 7.7 20.9 50 24.6 35.9 38.6 185.4 5.0 0.9 678 87 942 14 
40 Tex Strand 25.0 37 30.9 10.4 19.1 56 31.4 35.1 37.7 172.8 6.2 0.9 663 86 923 12 
40 Tex (600 tpm) 26.0 34 31.7 7.8 20.9 50 24.2 36.2 38.8 192.9 4.5 1.0 664 90 924 12 
40 Tex (510 tpm) 26.6 34 32.1 7.0 21.5 49 22.6 36.6 39.4 185.3 4.6 1.0 643 93 871 8 
25 Tex Strand 25.3 36 31.1 9.7 19.5 55 29.9 35.3 38.0 173.4 5.4 0.9 676 77 931 11 
25 Tex (765 tpm) 26.4 33 32.0 7.1 21.4 48 22.8 36.4 39.0 186.3 4.5 1.0 669 88 959 10 
25 Tex (656 tpm) 27.0 33 32.4 6.1 22.3 46 19.8 36.9 39.7 196.2 3.7 1.0 652 102 966 5 
    
                
522 
Lint 21.3 42 26.8 17.3 15.6 61 42.0 30.8 33.8 142.5 10.2 0.8 687 399 1175 19 
1st Cleaning 20.9 43 26.6 18.6 15.0 63 44.6 30.5 33.4 137.7 11.0 0.8 703 674 1190 20 
2nd Cleaning 21.2 43 26.8 17.9 15.3 62 43.3 30.8 33.6 138.1 11.1 0.8 701 675 1241 21 
Card 21.1 43 26.6 18.0 15.4 60 42.3 30.8 33.8 143.9 11.0 0.8 644 233 899 12 
1st Drawframe 22.2 40 27.7 14.8 16.8 56 36.5 32.0 35.1 148.8 9.2 0.8 653 195 942 12 
2nd Drawframe 22.1 41 27.5 14.7 16.9 55 35.7 32.1 35.1 150.3 9.1 0.8 659 228 941 16 
Roving 21.5 42 27.0 16.3 16.3 56 38.1 31.6 34.7 157.7 8.6 0.8 662 258 983 15 
40 Tex Strand 19.3 45 25.0 23.1 14.1 61 48.0 29.2 32.2 141.1 11.1 0.8 664 224 914 11 
40 Tex (600 tpm) 22.4 40 27.8 13.3 17.6 52 31.9 32.7 35.8 163.9 6.5 0.9 664 283 899 11 
40 Tex (510 tpm) 21.0 43 26.5 17.7 15.9 57 39.7 31.2 34.4 150.4 9.1 0.8 656 277 958 9 
25 Tex Strand 19.9 45 25.6 21.7 14.5 61 46.4 30.0 33.1 143.0 10.5 0.8 672 250 935 13 
25 Tex (766 tpm) 21.1 42 26.6 17.1 16.0 56 38.8 31.1 34.3 150.0 8.5 0.8 662 256 964 9 
25 Tex (650 tpm) 21.0 42 26.6 17.3 16.0 56 39.0 31.3 34.4 151.0 9.1 0.8 653 290 947 7 
    
                
527 
Lint 22.5 38 27.7 12.9 17.0 57 35.3 31.3 33.9 158.4 7.7 0.8 681 221 1245 12 
1st Cleaning 22.1 40 27.4 14.5 16.3 60 39.1 31.1 33.6 152.1 8.8 0.8 689 396 1276 15 
2nd Cleaning 22.1 40 27.5 14.5 16.3 60 39.1 31.1 33.6 155.0 8.8 0.8 692 370 1292 19 
Card 22.5 38 27.7 13.0 17.0 57 35.3 31.6 34.2 160.9 8.2 0.8 645 96 970 8 
1st Drawframe 23.2 37 28.2 11.2 18.1 53 30.9 32.4 35.1 167.3 7.2 0.9 653 87 970 9 
2nd Drawframe 23.5 36 28.5 10.3 18.6 51 28.5 32.8 35.7 169.7 6.9 0.9 662 92 922 9 
Roving 23.1 37 28.3 11.2 18.2 52 30.2 32.5 35.2 176.1 6.4 0.9 670 106 970 11 
40 Tex Strand 21.5 41 27.2 16.2 16.0 59 39.8 31.2 33.8 158.0 8.3 0.8 662 101 960 9 
40 Tex (600 tpm) 23.2 38 28.6 11.3 18.3 52 29.8 32.9 35.8 175.3 6.2 0.9 649 121 939 8 
40 Tex (510 tpm) 23.0 38 28.4 11.7 18.1 52 30.7 32.7 35.5 172.7 6.6 0.9 654 113 966 8 
25 Tex Strand 21.8 40 27.3 15.1 16.4 58 37.9 31.4 34.1 158.8 8.1 0.8 662 89 911 7 
25 Tex (766 tpm) 23.5 37 28.6 10.7 18.6 51 28.7 33.1 36.0 171.4 6.1 0.9 654 116 931 6 
25 Tex (650 tpm) 23.8 36 29.0 9.7 19.1 49 26.5 33.4 36.2 181.3 5.2 0.9 645 124 857 4 
*Average values of 30 test results at each processing stage 
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APPENDIX TABLE IV 
FIBRE PROPERTIES OF COTTONS AT THE DIFFERENT STAGES OF CARDED PROCESSING AS MEASURED ON AFIS MULTI DATA* 
Cotton Processes 
 
L (w) 
[mm] 
 
L (w)    
% CV 
 
SFC(w) 
[%] 
 
UQL(w) 
[mm] 
 
L(n) 
[mm] 
L (n)        
% CV 
SFC (n) 
[%] 
5% L(n) 
[mm] 
2.5%L(n) 
[mm] 
D (n) 
[µm] 
Total 
Cnt/g 
Trash 
[µm] 
Dust 
Cnt/g 
Trash 
Cnt/g 
VFM 
[%] 
Nep 
Count 
Nep 
[µm] 
Nep 
Cnt/g 
     
198 
Lint 25.3 33 8.1 31.0 20.6 48 24.2 35.1 37.3 12.9 232 276 206 26 0.6 109 767 272 
1st Cleaning 24.7 34 9.1 30.4 19.8 50 26.3 34.6 36.8 12.9 148 285 131 17 0.4 205 793 513 
2nd Cleaning 25.0 34 8.8 30.7 20.1 49 25.7 34.9 37.1 12.9 184 282 163 20 0.5 212 791 528 
Card 25.2 34 8.6 31.2 20.7 47 23.5 35.4 37.7 13.0 129 255 116 14 0.2 41 724 98 
1st Drawframe 25.6 33 8.2 31.7 21.2 46 22.0 35.9 38.1 12.9 125 257 113 12 0.2 30 758 75 
2nd Drawframe 25.7 34 8.2 31.9 21.3 46 22.0 36.2 38.5 12.8 136 237 124 12 0.2 28 767 70 
Roving 25.6 36 9.5 32.1 20.8 48 24.9 36.6 38.9 12.7 141 238 129 12 0.2 30 763 72 
40 Tex Strand 24.3 41 14.4 31.4 17.7 61 37.7 36.3 39.2 14.2 96 247 85 11 0.2 34 734 66 
40 Tex (600 tpm) 26.8 36 8.5 33.8 21.3 51 25.1 38.7 41.5 14.2 73 210 68 5 0.1 37 924 75 
40 Tex (510 tpm) 26.9 36 8.5 33.8 21.3 52 25.2 38.8 41.7 14.2 71 225 65 6 0.1 41 892 81 
25 Tex Strand 25.2 39 11.7 32.3 19.1 57 32.3 37.1 39.8 14.2 80 262 71 9 0.1 31 771 63 
25 Tex (765 tpm) 26.9 36 8.0 33.7 21.5 50 24.0 38.5 41.3 14.2 57 226 52 5 0.1 43 912 86 
25 Tex (656 tpm) 25.9 39 10.7 33.1 19.9 55 30.0 38.0 40.9 14.2 60 217 55 5 0.1 44 741 87 
    
                  
521 
Lint 24.4 31 7.0 29.1 20.5 44 20.9 32.9 35.2 12.7 345 286 306 39 1.0 141 756 281 
1st Cleaning 24.0 31 7.7 28.7 19.8 46 23.0 32.5 34.6 12.7 252 294 219 33 0.9 244 764 538 
2nd Cleaning 24.2 31 7.5 28.9 20.1 45 22.3 32.8 35.2 12.7 243 275 215 28 0.7 248 777 524 
Card 24.5 32 7.4 29.4 20.7 43 20.6 33.5 35.9 12.8 102 279 88 14 0.2 59 752 119 
1st Drawframe 24.9 33 7.5 29.9 21.0 43 20.3 34.3 37.0 12.6 118 282 102 16 0.3 43 789 90 
2nd Drawframe 26.0 32 6.2 30.9 22.1 42 17.8 35.4 38.4 12.5 107 292 90 17 0.2 38 800 80 
Roving 26.5 32 6.2 31.5 22.4 43 17.8 36.2 39.4 12.5 109 292 93 23 0.3 43 785 85 
40 Tex Strand 24.5 39 12.2 30.8 18.4 58 34.2 35.3 38.2 13.9 78 274 67 11 0.2 37 787 72 
40 Tex (600 tpm) 27.2 34 6.6 33.0 22.3 47 20.7 38.0 41.1 13.7 64 229 57 7 0.1 48 928 94 
40 Tex (510 tpm) 26.9 34 7.0 32.7 21.8 48 22.0 37.6 40.9 13.8 50 278 43 7 0.1 46 919 93 
25 Tex Strand 24.8 38 11.3 31.1 18.9 56 32.3 35.7 38.6 13.9 79 297 65 14 0.2 35 771 70 
25 Tex (766 tpm) 26.8 34 9.2 32.6 21.8 48 22.1 37.5 40.6 13.8 41 260 35 6 0.1 49 918 98 
25 Tex (650 tpm) 25.9 37 9.4 32.1 20.3 53 27.6 36.9 40.1 13.8 42 255 36 6 0.1 54 745 106 
    
                  
524 
Lint 21.7 33 10.6 26.1 17.9 46 26.8 30.0 32.1 13.0 596 247 533 60 2.5 184 802 432 
1st Cleaning 21.5 33 11.3 26.0 17.5 47 28.2 29.9 32.1 12.9 392 283 344 44 1.1 310 825 664 
2nd Cleaning 21.5 33 11.4 26.0 17.5 48 28.9 29.9 32.0 12.9 378 227 340 37 5.4 288 822 662 
Card 21.9 34 11.2 26.6 18.2 45 26.7 30.7 33.0 12.9 184 263 163 21 0.3 65 759 143 
1st Drawframe 22.5 34 10.8 27.4 18.7 45 25.9 31.7 34.2 12.7 188 249 170 18 0.3 59 789 128 
2nd Drawframe 23.0 34 9.8 27.8 19.2 44 23.8 32.2 34.8 12.7 190 234 175 15 0.3 61 820 133 
Roving 23.4 35 9.9 28.5 19.5 45 24.2 33.0 35.8 12.6 181 248 162 20 0.3 68 813 135 
40 Tex Strand 21.0 42 18.4 26.7 15.5 60 42.3 31.2 34.1 14.1 175 218 161 14 0.2 60 792 117 
40 Tex (600 tpm) 23.9 36 10.4 29.5 19.2 50 27.4 34.3 37.2 14.0 109 202 101 8 0.1 67 948 133 
40 Tex (510 tpm) 23.6 37 11.3 29.1 18.6 52 29.6 33.9 36.9 14.1 95 203 89 6 0.1 67 947 132 
25 Tex Strand 21.4 42 17.6 27.1 15.8 60 41.5 31.5 34.5 14.1 140 238 127 13 0.2 53 812 102 
25 Tex (766 tpm) 23.7 37 10.6 29.1 18.9 50 27.8 33.8 36.8 14.1 91 203 84 7 0.1 66 950 136 
25 Tex (650 tpm) 23.5 37 11.1 29.0 18.7 51 28.8 33.7 36.6 14.1 69 221 63 5 0.1 70 913 138 
*Average values of 30 test results at each processing stage 
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APPENDIX TABLE V 
FIBRE PROPERTIES OF COTTONS AT THE DIFFERENT STAGES OF COMBED PROCESSING AS MEASURED ON AFIS MULTI DATA 
Cotton Processes 
 
L(w) 
[mm] 
 
L(w)  
% CV 
 
SFC(w) 
[%] 
 
UQL(w)       
[mm] 
 
L(n) 
[mm] 
L(n)        
% CV 
SFC(n) 
[%] 
5%L(n) 
[mm] 
2.5%L(n)  
[mm] 
D(n) 
[µm] 
Total 
Cnt/g 
Trash 
[µm] 
Dust 
Cnt/g 
Trash 
Cnt/g 
VFM 
[%] 
Nep 
Count 
Nep 
[µm] 
Nep 
Cnt/g 
     
521 
Lint 24.4 31 7.0 29.1 20.5 44 20.9 32.9 35.2 12.7 345 286 306 39 1.0 141 756 281 
1st Cleaning 24.0 31 7.7 28.7 19.8 46 23.0 32.5 34.6 12.7 252 294 219 33 0.9 244 764 538 
2nd Cleaning 24.2 31 7.5 28.9 20.1 45 22.3 32.8 35.2 12.7 243 275 215 28 0.7 248 777 524 
Card 24.4 32 7.6 29.1 20.5 44 21.1 33.3 35.7 12.8 92 312 76 17 0.2 53 754 106 
Pre-Comb 24.9 32 7.3 29.8 21.0 43 20.2 34.1 36.7 12.6 101 291 86 15 0.2 48 776 93 
Combed 27.5 29 2.9 32.0 24.5 35 8.5 37.1 41.1 12.6 31 246 28 3 0.1 21 726 40 
1st Drawframe 27.4 29 3.0 31.9 24.5 35 8.7 37.0 40.9 12.5 29 243 26 3 0.0 20 763 40 
Roving 28.3 29 2.4 32.7 25.4 33 7.0 37.9 42.2 12.5 31 240 27 4 0.1 21 769 41 
40 Tex Strand 26.8 34 6.4 32.4 21.8 48 20.8 37.5 40.7 13.9 27 234 23 3 0.0 17 755 34 
40 Tex (600 tpm) 28.8 30 3.2 33.9 25.0 39 11.4 39.2 42.8 13.8 32 174 30 2 0.0 25 888 50 
40 Tex (510 tpm) 28.2 31 4.0 33.5 24.1 41 13.7 38.8 42.3 13.9 34 136 33 1 0.0 26 869 51 
25 Tex Strand 27.0 33 5.8 32.5 22.2 47 19.3 37.7 41.1 13.9 27 247 24 3 0.1 18 743 34 
25 Tex (766 tpm) 28.6 30 3.2 33.7 25.0 38 11.1 39.1 42.7 13.9 25 149 23 2 0.0 24 880 47 
25 Tex (650 tpm) 28.1 30 3.7 33.3 24.4 39 12.3 38.4 41.6 13.9 20 160 19 1 0.0 27 887 54 
    
                  
524 
Lint 21.8 33 10.5 26.2 17.9 47 26.8 30.2 32.4 13.0 573 278 508 65 1.6 168 809 415 
1st Cleaning 21.5 33 11.3 26.1 17.5 48 28.5 30.0 32.2 12.9 420 292 367 53 1.4 283 815 692 
2nd Cleaning 21.6 33 11.3 26.1 17.6 48 28.5 30.1 32.2 12.9 390 274 337 43 1.1 258 822 624 
Card 21.9 34 11.1 26.5 18.2 45 26.4 30.6 32.9 12.9 190 261 170 20 0.3 63 771 152 
Pre-Comb 22.2 34 10.9 26.8 18.5 45 25.6 31.2 33.6 12.8 205 251 183 22 0.3 50 797 121 
Combed 25.0 31 4.6 29.2 22.1 36 12.1 34.1 37.5 12.8 71 221 65 6 0.1 31 779 61 
1st Drawframe 24.9 31 4.7 29.2 22.0 36 12.3 34.0 37.4 12.7 60 223 56 4 0.1 30 784 58 
Roving 25.6 30 4.0 29.9 22.8 35 10.8 34.9 38.5 12.7 59 215 55 4 0.1 29 788 58 
40 Tex Strand 24.1 36 9.0 29.3 19.4 49 25.2 34.2 37.5 14.2 48 196 45 3 0.1 23 774 46 
40 Tex (600 tpm) 26.4 31 4.6 31.1 22.8 40 14.0 36.4 39.8 14.2 40 171 38 2 0.0 35 928 69 
40 Tex (510 tpm) 26.2 32 4.8 31.1 22.5 41 14.8 36.4 39.7 14.2 37 155 36 2 0.0 33 902 65 
25 Tex Strand 24.3 35 8.7 29.5 19.6 49 24.4 34.5 37.6 14.2 50 198 47 3 0.1 22 763 43 
25 Tex (766 tpm) 26.0 31 4.8 30.8 22.4 40 14.5 35.9 38.9 14.2 29 194 27 2 0.0 37 914 74 
25 Tex (650 tpm) 25.9 32 5.2 30.7 22.1 41 15.8 35.9 39.4 14.1 35 153 34 1 0.0 35 880 68 
*Average values of 30 test results at each processing stage  
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APPENDIX TABLE VI 
FIBRE PROPERTIES AVERAGE VALUES OF COTTON LINT AND THOSE OF DISMANTLED COMBED YARN (DIFFERENT LINEAR DENSITIES AND TWIST 
LEVELS) AS MEASURED ON AFIS MULTI DATA*      
Cotton Processes 
L(w) L(w) SFC(w) UQL(w) L (n) L (n) SFC(n) 5.0%L(n) 2.5%L(n) Fine IFC Mat Nep Nep SCN SCN 
[mm] % CV [%]  [mm] [mm] % CV [%]  [mm] [mm] mTex [%] Ratio [µm] Cnt/g [µm] Cnt/g 
522 
Lint 21.3 42 17.3 26.8 15.6 61 42.0 30.8 33.8 143 10.2 0.8 687 399 1175 19 
40 Tex Strand 22.3 39 11.6 27.4 17.9 50 28.5 32.2 35.7 155 7.8 0.8 648 111 868 3 
40 Tex (600 tpm) 24.8 34 6.0 29.7 21.3 41 15.8 35.0 38.5 176 5.1 0.9 653 139 710 3 
40 Tex (510 tpm) 23.1 37 9.6 28.1 18.9 47 24.0 33.1 36.6 162 7.3 0.9 650 152 868 4 
25 Tex Strand 22.2 39 11.9 27.3 17.8 50 29.0 32.1 35.2 154 8.0 0.8 653 118 737 4 
25 Tex (766 tpm) 23.4 36 8.6 28.3 19.5 45 21.9 33.3 36.7 160 6.6 0.9 645 135 558 2 
25 Tex (650 tpm) 23.2 37 9.3 28.2 19.1 46 23.4 33.2 36.7 161 7.3 0.9 642 148 471 2 
    
                
527 
Lint 22.5 38 12.9 27.7 17.0 57 35.3 31.3 33.9 158 7.7 0.8 681 221 1245 12 
40 Tex Strand 23.5 35 8.5 28.3 19.4 46 22.8 32.9 35.9 174 6.5 0.9 640 50 617 3 
40 Tex (600 tpm) 24.6 33 6.0 29.2 21.0 41 16.5 34.0 37.1 188 4.9 0.9 637 56 626 2 
40 Tex (510 tpm) 24.8 33 5.7 29.3 21.2 41 16.1 34.2 37.5 182 5.3 0.9 656 62 797 3 
25 Tex Strand 24.0 34 7.1 28.6 20.2 44 19.7 33.3 36.4 174 5.4 0.9 631 45 595 2 
25 Tex (766 tpm) 25.1 33 5.3 29.5 21.5 40 15.3 34.3 37.6 183 4.4 0.9 637 60 715 2 
25 Tex (650 tpm) 25.1 31 4.8 29.6 21.9 39 13.7 34.2 37.2 191 4.2 1.0 628 64 529 1 
*Average values of 30 test results at each processing stage 
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APPENDIX TABLE VII 
FIBRE PROPERTIES AVERAGE VALUES OF COTTON LINT AND THOSE OF DISMANTLED MINIATURE SPUN YARN AS MEASURED ON AFIS MULTI 
DATA*      
              Samples 
180 209 522 527 178 521 524 198 
 Fibre Properties 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
L (w) [mm] 24.6 24.1 25.7 25.9 21.3 21.6 22.6 23.6 24.4 26.5 24.4 27.1 21.7 24.2 25.3 26.8 
L (w) % CV 39.6 37.8 35 33.5 42.3 39.9 38.3 34.8 34.2 35 30.7 32.5 32.6 35.3 32.8 34.3 
L (n) [mm] 18 19.1 19.6 21.3 15.5 17 17 19.6 19.6 21.6 20.5 22.7 17.9 19.8 20.6 22 
L (n) % CV 60.5 52.2 55 46.6 60.8 52.6 56.7 47 49.7 47.9 44 43.9 46.2 47.1 48.2 46.9 
UQL(w) [mm] 30.5 30 31 31 26.9 26.9 27.7 28.7 30 32.7 29.1 32.6 26.1 29.5 31 33.2 
2.5% L(n) [mm] 37.9 37.3 37.6 38.4 33.8 34.3 34 35.8 36.9 40.6 35.2 40.4 32.1 37.1 37.3 40.4 
% SFC(w) 12.7 11 9 7.3 17.3 14.7 12.9 9.2 9.2 7.8 7 6 10.6 6.4 8.1 7.5 
% SFC(n) 36.6 29.5 29.8 21.9 42 34.2 35.3 24.7 26.3 22.5 20.9 18.2 26.8 24.6 24.2 21.5 
Nep Cnt/g 320 90 159 39 399 95 221 49 306 59 281 47 432 56 272 50 
Fineness (mtex) 147 163 167 186 143 154 158 173 
      
  
Maturity Ratio 0.81 0.89 0.88 0.96 0.78 0.84 0.84 0.92 
      
  
% IFC 9.1 6.7 6.3 4.2 10.2 8.1 7.7 5.6 
      
  
SCN Cnt/g 18 5 18 8 19 7 12 4 
      
  
*Average values of 30 test results at each processing stage 
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APPENDIX TABLE VIII 
FIBRE PROPERTIES AVERAGE VALUES OF COTTON LINT AND THOSE OF DISMANTLED CARDED YARN AS MEASURED ON AFIS  
MULTI DATA*      
Samples 
180 209 522 527 198 521 524 
Fibre Properties 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
L (w) [mm] 24.6 24.9 25.7 26.2 21.3 22.4 22.6 23.1 25.3 26.8 24.4 27.2 21.7 23.9 
L (w) % CV 39.6 38.7 35 34.5 42.3 39.7 38.3 37.6 32.8 36.3 30.7 33.6 32.6 36.3 
L (n) [mm] 18 19.3 19.6 20.8 15.5 17.5 17 18.3 20.6 21.3 20.5 22.3 17.9 19.2 
L (n) % CV 60.5 53.8 55 49.6 60.8 52.1 56.7 51.7 48.2 51.3 44 47.1 46.2 50 
UQL (w) [mm] 31 31.2 31 31.8 26.9 27.9 27.7 28.5 31 33.8 29.1 33 26.1 29.5 
2.5 % L(n) [mm] 37.9 38.9 37.6 38.9 33.8 35.8 34 35.8 37.3 41.5 35.2 41.1 32.1 37.2 
% SFC (w) 12.7 11.2 9 7.8 17.3 13.3 16.2 12.9 8.1 8.5 7 6.6 10.6 10.4 
% SFC (n) 36.6 30.2 29.8 24.2 42 31.9 29.8 35.3 24.2 25.1 20.9 20.7 26.8 27.4 
Nep Cnt/g 320 214 159 90 399 283 221 121 272 75 281 72 432 133 
Fineness (mtex) 147 172 167 193 143 164 158 175 
      
Maturity Ratio 0.81 0.89 0.88 0.97 0.78 0.88 0.84 0.91 
      
% IFC 9.1 6.3 6.3 4.5 10.2 6.5 7.7 6.2 
      
SCN Cnt/g 18 6 18 12 19 11 12 8 
      
*Average values of 30 test results  
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APPENDIX TABLE IX 
FIBRE PROPERTIES AVERAGE VALUES OF COTTON LINT AND THOSE OF DISMANTLED COMBED YARN AS MEASURED ON AFIS  
MULTI DATA*      
 
Samples 
522CO 527CO 521CO 524CO 
Fibre Properties 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
Lint 
Dismantled 
Yarn 
L (w) [mm] 21.3 22.9 22.6 23.4 24.4 26.6 21.8 24.1 
L (w) % CV 42.3 38.6 38.3 35.4 30.7 33.9 32.8 35.9 
L (n) [mm] 15.5 18.9 17 21.2 20.5 21.8 17.9 19.4 
L (n) % CV 60.8 49.8 56.7 46.1 44 47.4 46.6 49.2 
UQL (w) [mm] 26.9 28.1 27.7 29.2 29.1 32.4 26.2 29.3 
2.5 % L(n) [mm] 33.8 36.6 34 37.1 35.2 40.7 32.4 37.5 
% SFC (w) 17.3 9.6 12.9 6.0 7.0 6.4 10.5 9.0 
% SFC (n) 42 28.5 35.3 16.5 20.9 20.8 26.8 25.2 
Nep Cnt/g 399 111 221 50 281 34 415 46 
Fineness (mtex) 143 155 158 174 
    
Maturity Ratio 0.78 0.84 0.84 0.89 
    
% IFC 10.2 7.8 7.7 6.5 
    
SCN Cnt/g 19 3 12 3 
    
      *Average values of 30 test results  
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